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SUMMARY 


A methpd5/l4gy  w;as  develo-ped  vrihiGh  provides  a feasible  means  of 


(establishing  visual 
methodology  consists 
c.e  of  subjects  on.  a 


requirements  £or  battiest  at  ion  assig»^e.dts 
of  determining  the  relat id'^nshtp  between  performan- 
jiob-sample  test  and  various  levels  of  artificially 


induced  vision-.o 

f'6  evaluate  tbb  m.ethid.ddl.pgy  a ,j:ob- sample  test  was  uonetT Hasted  and 
tbe  relationship  betwe'en  performance  and  near  visual  acuity  vras 
determined  by  rather  c^omp-lex  statistical  proc-eduf e;s,  and  als:d  by  simple 
g.ra:phlcal  procedures  o 

As  a.  result  of  the  research  conducted g the  proposed  method'0l6:|y 
appears  to  provide  a means  whereby  visual  requirements,  can  ,be  rapidly 


and  efficiently  establishedb  Be-c&mse  the  .graphical  method  of  analyz- 
ing the  experimeritai  data  proved  to  be  feasible , it  is  proppaad  that 
technicians j,  under  the  direction  of  a prpjf essi.bhal  psychologist  can 
satisfactorily  perform  the  task  of  gathering  and  analyzing  the  iie.ces^ 


sar.y  data  for  inferring  vl§ual  ataiidardso 

It  was  furth.P-r  fod-nd  that  visual  standards  eetatlished  for  .a 
particular  job  undie:r  .given  lighting  and  working,  conditions  .would  not 
nec-e.s sar ily  fee  yalid^  Fo~r'"oth¥r~j’ebT\'^C^^ 
p 6 hdi  t X o ns.o 

A somewhat  .more  detailed  summary  is  provided  in  the  foiipwihg 


six  page 3.0 
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THE  DE^E^OPMENiT  AND  EiVALUATlGN  -OF  A METHG.DOLOG.Y  FOR  ESTABLlbHING 
VISUAL  REQUIREMENTS  FOR  NAVAL  PEhSGNNEL,,  final  ropert-  of 


conducted  on  Navy  contract  N7oni*^394^^ * 129|  ^ contract  nego- 

tiated between  the  Office  of  Naval  Research  and  the  Purdue  Research 
Foundation  "to  develop  methodoiogy  for  establishing  vision  standards 
for  selected  battlastatioh  asaignmehts  aboard  various  types  of  naval 


vessels**^ 

A survey  of  the  literature  revealed  several  approaches  to  the 
problem  of  eetablishihg,  visual  standards  in  industry  and  the  Armed 
Forces*  The  methodoiogy  appearing  to  provide  the  fflOst  fea-sipie  means 
of  establishing  dependable  vision  standards,  was  tp  establish  vl.sion 
standapdg  based  on  experimental  evidence  relating  visiou  to  job  per- 
formanos*  ThliS  method  had  besn  use.d  suOcessf ully  iri  industry  where 
the  relationship  between  the  job  perforMance  of  industrial  workers  and 
various  visual  fu. ctlOns  had  been  studied  experimentallyo  Using,  this 
general  methodologys,  four  major  exporime,rtts  were  conducted  to  develop 
and  evaluate  a methodology  providing  a feasible  means  of  establishing 


standards  for  Navy  battlestation  assignments o 


The  first  experiment  conducted  was  an  exploratory  study  to  determine 
the  feasibility  of  constructing,  a job  sample  tost  from  naval  equipments 
The  test-  which  was  developed  on  a small  pieCsO  of  naval  equipment 
dpnsist-ed.  of  2 s;abj;ect  raising  a poT^r  from  a,  dial  And  reporting,  the 
A dial  reading  as  rapidly  iind  as,  accurately  as  possible^  The  sut  ject 

w.as  scored  both  on  the  length  of  time  required  to  report  the  reading^ 
and  on  the  accuracy  of  the  report  givet^*  Prom^  the  'rOSult-s  of  this 
it  was  conbluded  it  would'  bs  feasible  to  construct  a sumilar 


job  sample  teat  using  larger  and  more  oomple,3t  equipmento 

The  second  phase  of  the  p.rogram  of  research  wa--s  conducted  to= 
stud^  the  roiatiohship  bsbween  the  different  visual  functioned.  a§ 
measured  by  the  Bausch  and  Lomb  Ortho-Hater,  and  performance  on  a job-- 
sample  test  developed  on  a rather  COmpldx  piece  of  naval  e.qui.pmenW 
The  subjfects  were  104  volunteers  from  elementary  psychology  courses 
•at  .Purdue  Universityo  The  job  sample  test  was  similar  to  that  deve  — 
loped  in  Phase  lo  There  were  .s.even.  stations  on  which  the  subjects 
performed  in  sequence.^  and  each,  svdbjrect  fepe.ate4  the  sequence  of 
seven  stations,  ten  timeso  Each  station  consisted  Of  a dial,  or  dials, 
by  a wooden  i.ia«>  wn  cne  oommanu  ••roaajf  - vn-a  . 

the  handle  on  a lid;  on  the  command  «now«  the  subject,  raised  the  lid 
and  reported  the  reading  as  rapidly  and  accurately  as  possible^ 
Performance  was  meaeuiied  in  two  waysg  (l)  on  the  length  of  elapsed 
time  'betw'e.eh  the  command  Unpw**  and  the  subjects*  response,  and  (2) 
the  amount  pf  error,  if  any,  in  the  feisponse-o  A sequence  of  ten 
readings  was  developed  before  the  experiment.,  and  all  subjects  performed 
cri  the  same  set  of  rsadihgSo  - 

Analysi'S  of  the  perfofmanc®  sc.dros  obtained  showed  the  time  scores 
wore  reliable)  measures  of  perf'6rmance.o  Because  of  the  nature  of  the 
data  nOf  cpiiclusiona  ^were'  possible  concerning,  the  reliability  of  errors 
in  reading  the  dials-o  Th^e  data  were  further  analyzed  to  “determine  the 

visual  skills  measured  by  the  Bausch 

and  Lomb  Ortho^Rater  and  performance  on  the  job  sample  test  which 

resulted  in  the.  cCncluaion  there  was  no  r-e.l.a't  ion  ship  between  vision 

and  job  p.er forJ^anc© o However,  it  was  felt  the  hegatiye  results  we.re 

dde  to  the  vispal  charact eristics  .of  the  sample  of  subjects  and  that 

iii 


a similar  stud^y  using  sub.jec.ts  posserssing  visual  skills  covering  the 

entire  range  of  visibn  should  be  cohductedo 

On  the  basis  of  the  results  of  the  first  two  phases  of  the  pro-- 
gram  of  resear ch-j,  a third  experiment  j Phase  IIIj  was  designed o This: 
studoy  was  conducted  to  evaluate  a methodology  for  setting  visual 
standards  which  cbnaisted  of  determining  tho  relationship  between  vision 


as  measured  by  the  Armed  Forcee  Vision  Testers  and  performance  on  a 
job  sample  test.j.  using  subjects  posneesing  a high  level  of  visual  skill 
and  reducing  their  vision  by  cros sed-cylinder  oblique  lenses  to  obtain 
the  range  of  vision  necessary  to  determine  the  mahnor'  in  which  vision 
Is  r slated  tp  job  performance « 


The  job  sampla  test  used  in  thie  at-udy  ^aa  th;0  same  as.  that,  used 
in  Phase  II9  except  for  certain  modif icTatlpn-a  in  the  dials  usedq  ihe 
test  wad 'administered'  In  the  pame  manner  as-  in -Phase- 1.1s  The  performan 

— j * +-'(^ ei  ths  s am®  .a 31  in  Phase.  II.o 

ce  scores  obtained  tnis  - 

. 0. 

Ten  highly  motivated  , well  trained  subjects,  performed  ton  t i me s- on  enoh 

dipil  at  each  of  five  levels  of  v.ialpnq 

This  experiment  was  designed  so  that  a cpm.plex  ,statist.ic>al  analy- 


sis could  be  made  of  thp  data.,  and  also  so  that  curves  repre sehiihg 
the  relationship  between  vision  and  performance  could  be  developed  if 
the  results  of  the  statistical  analysis  showed  a relationship,  between 


vision  and  job  pei-f  o-i  iuansTS-o  - 

Both  time,  and  ac-.cu-racy  scor.es  were  first  analyzed  to  determine 
the  reliability  of  performance  On  the  job  sample  teato  The  rellabll 


ity  of  performance  as  measured  by  the:  time  scores,  was  extremely  hlgho 
The  reliability  of  the  accuracy  sc.ores  was  less  adequate « The  data 


vlv 


were  then  analyzed  usih/g  variance  techh’i'ques  a-nd  the  results  of  these 
analyses  showed  vision  was  related  to  ^ob  perf ormance.o  They  also- 
showed  highly  significant  dif f s.rences  in  performance  on  the  different 
dials  in  the  job  sample  test,.,  From  the’  results  of  theae  analyses  it 
was  concluded  that  curves,  representing  the  relationship  between  vision 
and  job  per-furma-nc-e  would  hav^e  to  be  developed  for  each  dial  indiYidu-" 
ally  and  that  re  suite  obtained  bn  one  dial  could  not  oe  generalized  to 
another®  Two  c'Xjirves,  one  for  time  and  one  for  aocuracy,  were,  then 
.d#vel.o-P-ed  for  e/ich  dial  showing  th©  relationship  between  near  visual 

acuity  =and  performance  on  the  job  sample  ie.'sto  

On  th-6  basis  of  th.e  results  of  Phase  Ills  it  was  concluded  the 
methodology  developed  and  evaluated  in  the  study  provided  a >fe;a,aibie 
means  of  detormining  the  relationship  betweien  vision  and  job  perform*-' 
ahce.j  from  which  visual  staTrdard^s  S'an  bo  s-asily  and  rapidly  infer  red. ^ 
•However^  two  questions  had  arisen  concerning  the  .extent  to  which 
results  GhtaiheCi  by  the  methodology  devsloped  in  Phase  III  could  be 
g.ejieralized®  These  wereg  (1)  Would  the  results  have  been  t^e  same 
prider  all,  levels  of  illumination.j,  and  ,(2)  would  the  .results  have  been 
the  same  at  different  distances  from  the  visual  tasko  In  order  to 
answer  thes.e  questions Phase  IV  of  the  program  of  research  was 
conducted^ 

In  this  .expe"ri-meht-a--j-ob-  sample  -test  wa=5^.de.v-elopa^^  dial... 

on  the  equipment  uum  previonsiy  in  Phase.  Ic  ihe  experimental  apparatus 
was  constructed  so  that  the  level  -Of  illumihatioh  and  distance  of  the 
subjects:  eyes  from  the  task  could  be  .carefully  controlledo  The  type  of 
task,  measures  of  performance  and  subjects  used  in  the  experiment  were 
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the  same  as  used  previously  in:  Phase  Ill.o  In  additidh  the  te.chniques 


uo<s<jL  xii  aii’dxy  Aorirg  urie  uaua 


were  Tine 


same  as  those  u-Sed  iri  Phase  IIIo 


From  the  results  of  this  study  it  was  concluded  that  both  dis- 
tance and  illuminait ion  must  be  ta^ken  into  consideration  when  estab- 
lishing visual  stajhdards  from  ‘peTformance  'curvesp  Curves  d-e-v-s-lc;ped 
from  Job  performance  under  a given  .§et  Pf  cond“itions  Of  iilumination 
and  distance  cannot  be  used  to  set  (Standards  for  Jobs  performed  under 
dissimilar  conditionso 

On  the  basis  of  the  overall  program  of  research  the  following; 
conclusions  were  made,s 


evaluated  in  Phase  III  of  the  program  of 
Wsearch  provides  g feasible  means  of  estaMishing  visual 
standards o Free-hand  curves^  fitted  to  pipts  of  vis i oh 
scores  versus  Job-performance  can  be  used  to  describe  the 
relationship  between  vision  and  Job—performanceo  Further^ 
the  problem  of  obtaining  a range  of  vision  for  certain 
visual  fun G ti ons  wa's  sd-ived  b'y  th©  use  of  c-H.p— oh  croSsS-d— 
cylinder  lenseso  Gf  further  importance  is  the  fact  that 
technicians,  directed  by  a professional  psychologist,, 

■would  be  able  to  apply  the-  methodology  in  the  collection 
of  experimental  datao 

2o  On  the  basis  of  the  evidence  obtained  in  ^^hase  III,  only 
very  limited  generalization,  of  results  froia  one  visusl 
task  to  other  visual  tasks  can  be  madSi^  because  the  trend 
of  performance  on  different  visual  tasks  was  not  the  same 
at  different  levels  of  visiono 

3o  On  the  basis  of  the  evidence  obtained  in  Phase  IV,  results 
obtained  under  a given  set  of  conditions,  ioGo,  at  a given 
level  of  illumination  and  at  a given  working  distance  from 
the  visual,  task  , cannot  be  generalized  to  other  conditions 
because  the  trend  pf  performance  was^  not  the  same  ai  different 
levels  of  vision  for  differen'i  conditions  of  illumination 
and  distance  from  the  visual  tasko  Further  these  re  suit., s 
point  put  the  desirability  of  maintaining' standardized 
conditions  oh  a battle statipno 


vi 
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A‘ithdugh  not  within  the  realm  of  this  sst-ndy,  the-  results 
of  the  .program  of  research  con-du-G.ted  appear  to  have 
lications  for  equipment  design*  The  resuits  of  Phase  lu;iL, 
clearly  indicate  that  certain  types  of  dials  are,  read 
faster  and  more  accui?ately  at  all  levels  of  visual  acuity 
than  other  types  of  dialss  -T-he:ss  results  warrant  the 
conclusion  that  operators  with  poorer  visual  acuity  could 
perform  at  a.  giveii  level  of  proficiency  on  certain  dials  as 
well  as,  or  better  than,  operators  with  better  acuity  could 
perform  oh  ot-her  type/s  qf  dialsiie  Further,  the  effioiency 
of'  operat'Or  13  at  all  .Revels  of  ao-uit-y  w-ouljd  yc  i-nc-x' ~y 
the  use  Of  certain  type:|  qf  dials  o 


Other  conclusions  will  be  incorporated  in  — Supple  me  n-t  to 
Technical  Bulletin  #53*-7r^  which  for  securit/y  purposes  are 
classif ieSw 


A procedure  for  ef ficient  us©  of  the  metrodel-ogy  was  aevelopede 
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AND  EVAMATION  OF  4 MTHOTOLOSY  FOB  EST ABLimiNO 

X ll'iJ  ^ - - 

VISUAL  REQUIREMENTS  FOR  NAVAL  PERSGNRrifc 
One  pftaee  of  the  long  range  program  indtiated  by  the  Savy  for- 

oetablishing  and  validating  phynioa  reqniremente  for  naval  pOreonnel 

A -s— • -j-' A 

is  concerned  with  the  establishment  or  

in  the  interest  Of  farthering  this  phase  of  the  overall  p-rogram, 
the  Bhreau  of  Naval  Personnel,  through  the  Office  of  Naval  Research, 
negotiated  a contraot.  N7onr-39W3,  with  the  Purdue  Research 
Foundation  to  conduct  a program  of  research  within  the  area  of 
visual  standards o 

Basic  Objective 

The  basic  ob^fective  of  research  contract  H7*n*-5>W3 

developed  at  a joint,  leetji^ng  nexu  xu  , ---  ^ - 

resulting  from  that  meeting  was  as  followss  "The  uaslc  objee 
of  research  contract  H7bnr*3-9i23  iS  to  develop  methodology  for 
establishing  vision  standards  for  .seleoted  battleetation  assign- 
ments aboard  various  types  Of  naval  ves-selsi" 

With  the  above  statement  serving  as  a guide,  four  experiments 
were  conducted  in  which  a.  methodology  for  establlshihg  visual 

standards  was  developed  and  evaluateRo 

. . .a JLi-Si'dn  

jyie'onou.uxv/^x"o~o  ^ ^ — 

A survey  of  the  literature  pertinent  to  the  problem  of 
establishing  visual  standards  revealed  several  appreaehes  in  uee, 

4.  liteT»ature  are  concerned 

Although  the  approaches  re^ported  in  the  ixte. 

with  visual  standards  in  industry,  it  would  appsar  the  problems 
4-,„,lved  would  bs  similar  to  those  in  military . services.  The 


2 


-■U 

JP'l" 


«.«,t..ahliahinK._and  validating  physical  req.uire- 


ments  for  pe^rsonnel  h=ave  long^  troubled  industry  as  well  a,p  the 
military  sie.rviceso  For  purposes  of  di.s'cus;s;idn  the  approaches  to 


establishing  visual  standards  a-re  grouped  under  three  general 


headings  o. 

Method  1 6 
e s t abl i ah  v i s ua 1 


In  this  ffiet’&Od  "tradded  peraouiiel-”  arbitrarily 

standards  oh  the  basis  of  subjective  judgement s-s^ 


These:  judgements:  may  ;or  may  not  be  based  oh  a visual  analysis  of 

the-  jebo  Vd-suai  standards,  set  ih  this  manner  are  likely  to  have 
little  or  no  relationship  to  job  perfprmancfeo  Although  the  im- 
portance of  "good  Vision**  is  generally  aaceptsd  (2.S)  ^ **pppr 
procedures”  such  as  this  are  widely  used  to  determine  what  is 
gpod  vlsipno  A search  o.f  the  literature  revealed  ho  studies 


evaluating  the.  ef f ectivene-a»  of  .stand^a-rds  set  i-n  this  mann.e.-r.e 
Method  Zc  In  this  method  profession ally  trained  people 
arbitrarily  set  visual  startdards  based  on  subjective  evaluation  o>f 


data  obtained  from  a description  of  the  visual  factors  of  a job 
which  have  been  reduced  to  physi.c.al  measurement®  Mimmick  and 
Farnsworth  (6)s  in  a study  conducted  at  the  U®  S®  Naval  Submarine 


Base  at  New  London?  Cbhnectieut,  used  this  approach®  They  made  a 
survey  of  the  visual  factors  involved  in  all  interior  s.ubmarine 


... A -tn  a-r>. 

^'Aia;  a;  s»"w  ^>vt'  ***'--•* 


-Tui.oriVii-.— ,in«  .Ts,«.a--n;tne.d t.0_  .ne.r.f .o.rm  o, 

O'' - - Tl- * 


Thdy_  then. 


attemptsd  to  describe  the  job  in  terms  of  critical  visual  tasks  based 
on  distance  of  the.  target  from  the  operator,^  visual  angle  subtended 


1®  The  phrase  *’ trained  personnel**  is  used  to  designate  in- 
dividuals who  set  visual  standards  on  sj:^TT>e  arbitrary?  rule  of  thumb 
criterion®  Such  individuals  may  or  may  n®^  ta  professionally 
tra.ined  to  perform  this  function® 


3 


ai-  the  eye  ^ f pe-e?u!eh.c.y  of  tih.e  opieTatio^ri.;.  brightne\SS  contrast,  leve,l  of 
ilLumination j and  visual  discrimihation  required.,.  G.n  the  ha^is  of  the 


evidence  colle'cted^  clinical  evaluat ioh?  of  the  vis  ,al  requirements 
were  made  and  standards  set  for  the  different  jobs*, 

ret  hod  3.0  The  most  scientific  and  undoubtedly  most  defensible 
visual  standards  a^e  those  set  on  the  basis  of  experimental  evidshce 


relating,  vision  to.  yob  performance « This  method  has  been  used  sue-? 
cessfully  in  industry  where  the  relationship  between  the  job  perfor 


mance  of  industrial  workers  and  vario.us  visnal  fun.c.ti.Qhs  have  been 
st.udied  experimentallyo  A number  of  studies  using  this  approach  have 
appeared  in  the  literature  (13j.  lo'>  i<8^  2p,  3l)o  Visual  standards  set 
on  the  basis  of  results  obtained  in  those  studie'S  still  retain  an 
element  of  .subjective  judgement  in  that  s.u.andards  of  "good”  and  "poor" 
performahee  are  based  bn  judgemehts  or  ratings  © 

A variation  of  this  methodology  was  used  by  Mitten  and  Fry  (20) 


in  an,  in.vesti.gati oh  of  visual  inspeptibn  perf ormanoeo  They  attempted 
to  tdstermihe  ther  effect  pf  impaired  vision  oh  rolier  inspection  using 
artificially  impa,ired  visi.ohio  They  found  a definite  impairment  of 
performance  on  a job-sample  test  with  anisometropia  producting  lenses 


and  astigmatic  producing  lenses©  LehsdS  with  base-in  and  base-out 
prisma  also  produ.ced  pronounced  differences  in  performance© 


— - -X  -- 


rn'0  mex’noapa.'Ojgi  c cij:  approet^ux;  uu  t?'»  ua-ux,L  o uxn^g  v x ^ 

developed  and  evaluated  in  the  program  of  research  conducted  under 
this  contrae-t  was  of  the  third  type©  .Modifications  similar  to  those 
Used  by  Mitten  and  Fry  were  also  evaluated© 


4 


KKSEARUH  (JO:Num;’TEu 

As  stated  previously,  four  experiments  were  cohduc:t.e,d  in  dev-?^ 
eloping  and  evaluating  a methodology  for  eslabiishing  visual  require- 
ments for  na^val  personnel*  For  purposes  of  presentation,  the  four 
experiments  are  pre'Sehted  iri  sequence  as  Phases  I,  II,  III,  and  IV 
of  the  program  of  research, 

PHASE  I _ : . 

Pu-r-po.se « The  purpose  of  this  expl-orat ory  phase  of  the  program 
of  research  was  to  determine  t.'h.e  feasibility  of  aonstruct ing  a job- 
sample  %e.3\%.  from  naval  equipment..  Further,,  the  experience  g.airied  ih 
conducting  a preliminjary  experiment  would  be-^6f  considerable  value  i,n 
■de.signing  a .major  experiment,., 

The  .ioh-sampl-.e  t-est-..  In.  border  to  achieve  the^purppse  .of  this 
study,  a job-sample,  test  was  developed  usin.g  equipment  which  for 
security  purposes  will  be  referred  to  as  Equipment  A®  The-  vissual 
aspects  of  this  job  cdhsist  of  reading  the  various  d'lais  on  tine 
equipment. 

Covers  were  made  for  each  o-f  the  dials  contained  in  the  equipment. 
The  eileven  dials  in  the  job-sample  we.-re  numbered  in  sequence.  The  task 
presented  to-  the  subject  was  tO  uncover  the  dial  and  report  theread- 

■th.e— dd-al_w.a,s^  ;U.s.in.g_-th4-S-r-priQPae4up#--e-l-e-V«.^  3ti.s4ai_ti.a-sJc; 

were  presented  to  the  subjects.  In  administering  the  experiment,  the 
su-byject  was  given  two  c.pmmands.  -On  th.e  command  “ready”  h.e  graspod  the 
handle  bn  the  cover  and  on  the  command  ”nov:"  he  removed  the  cover  and 
read  the  dial  as  rapidly  and  accurately  as  possibles 

Criteria  of  perf ormance.«^  Under  operating,  conditioTrs  two  criteria 
appear  to  be  of  importance  in  evaluating  v-isuial  p.erf ormanc-.e  on  .a  b.a.tti'e 


. . X .+.»%  *.Vie».  vS-s.n,a1  a.'fc.i.in'uJL.H.S  o 

st  atioiio  The.  ope  r ax  or  mu  sx  oe  a axo  ow  o « ~ - 

per-c^eive  the  visual  stimulus j,  and  report  the.  dis.c^rimrnations  made, 
hath,  .^ui,cklj  and  accu^telyo  These  two  i^easures,  time  and_apdura.Gy , 
which  appear  to  be  pf  utmost  impO;rtance  to  the  Navy  In  evaluating 
p.erf.o.-r.manc.e_^  w.e.r:e  u.sed  as  the  ariteria  of  performance  o.h  this,  jab- 
S’ample  test  6 

Two  seipaTate  performance  scores  Were  obtained  on  each  dial  re.ad— 
ings  a time  score,  and  an  accuracy  scoheo  The  time  recorded  was  the 
-time  elapsed  ,bet-W-e-e;fi.  the.  e.omimaind  **irOW**  and  the  .rs=p.pti*t  by  the  sUb.j?v>ct-o. 
The  reading  given  by  the  subject  was  recorded,  and  this  reading  was 
compared  With  the  dial  setting  to  determine  the  acc\iracy  score.o  The 
reading  Was  scored  incorrect  if  it  differed  at  all  from  the  exact  read- 
ing o No  attempt  was  made  to  a-seee.e  the  errors  qu al-it at.ive.ly  in  te-rms. 
of  their  maghitudep 

Methods  6f  Procedure 


Subiectso  Nine  subjects  were  used  in  this  experiment o,  All  were 
volunteers  from  graduate  stud.ent.s  in  psychology  at  Purdue  Uniyersityo 
The  only  criterion  of  selection  of  the  subjects  was  their  availability 
to  perform  in  the'  experimento  Each  of  the  subjects  was  given  a short 
,tr^air.ir.g. -period  o.n  the  iQb-s.am.pl e ta§t  and  instructed  to  read  the  dials 
as  rapidly  and  accurately  as  possible o No  subject  had  ”p6or’^  vision 
on  the  basis  of  his  Ortho-Rater  scereso 

Admin i s t r a 1 1 o n of  the  experiment o Each  subject  read  the  saquerice 
of  the  eleven  dials  in  the,  job-^-aample  test  ten  times o Th?  apparatus 
was  placed  on  a table  36«'  highp  The  subject  s.t.pod  in  front  of  the 
apparatuso  On  the  command  ”ready”  the  subject  grasped  the  handle  on 
the  cover  on  the  dialo  On  thp  command  «now”'  h;e  removed  the  cove.r  and 
read  the  dial  a-S'  rapidly  and  accurately  as  po.ssible.o  This  procedure 


6 


u,  at  4 1 4--Ho  o,#a.n-n  A-yi:«'«  fi-f  QX.eiTe.n  'Ax&XS'  W&S 

.W-3rS  T*f2  nBra.'C.B^U  i U:r  >a^cv_j..  - ’ 

read.  The  subject  ^as  then  seated  while  the  dials  we^ro  i-e-se-t-o  This 
process  was  continued  until  the  se.quehce  of  eleven  dials  was  read 


ten  time So 

The  apparatus  was  illumlnat.ed  by  ah  incandescent  bulbo  The.  level 
of  illumination  on  the  apparatus  was  malnt aihed  at  a relatively  high 


level;. 

Results 6 The  average  tiro®  performance  of  each  of  the  subjects 
OB.  tbe.  ttinb  in  the  4,ob-:;sam^le  test  are  prssehted  in  Table  lo 

Table  1 

Average  Length  of  Time  in  Minutes  to  Read  Equipment  A Dials  for 


Siibl  e ct  S' 

3 

4 

Dial 

5 

i iJ  .1  *0  W Q 

Read" 

6 

7 

8 

9 

10 

11 

fcj  lA’X./  . I-'C'  W V W 
1 

o0<?5 

,b'072 

b075 

0 166 

0 103, 

0-O52 

0II6 

0115 

0055 

2 

0 044 

o087 

0-076 

6 113 

0I32 

0O52 

0O99 

0107 

0081 

3 

o03‘9 

o0$2 

o 064 

0IO8 

0II6 

0 044 

o081 

0 105 

0050 

4 

oQ34 

•oO'5i 

0066 

o,0.80 

0O7O 

A 040 

o0'68 

6 0’6'5 

0=041 

5 

o032 

0 046 

0055 

0O52 

o043 

o:043. 

6 04  9 

0051 

p v»+^ 

6 

o032 

o0_5'0 

,o066 

0O65 

0O68 

0 0 30 

6.063 

0O59 

o033 

7‘ 

o032 

o 059, 

0 1;  P D 

0 V ^ ^ 

O-Kf  {t  if. 

A-O:©, 

0-vj/-y 

- AV  O, 

0 -w-  1 V 

-,Q.qg 

C-O.48 

8 

o;©31 

5 044 

0049 

0O6..3. 

0-Q64 

A.Q.3.2 

pOt'" 

0O66 

0-O33 

9 

o027 

oQ'|l 

0059 

0.074 

O-067 

0O35 

0079 

0 100 

0 048 

Inspectiph  of  the  data  in  Table  1,  Indicated  a conisiderahle  amount 
of  variability  in  the  performance  of  the  different  subjehtso,  This  in- 
dicated that  performance  on  a jrob^sample  test  of  th;is  nature  could  be 
meas.ured  on  the  basis  of  time  required,  to  perform  the  task. 
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. X.  A A -"i*-  /%.  '4'..Vi  Q'  fact  that. 

The  accuhaGy  scores  couia  not  oe  evaxuc^u^v.  4 

very  few  errors  Were  made.  From  this  re.s.ult  it  was  oSndludet  tH*t 

alt;he.r  ttee  l,ob-sample  test  must  be  increased,  i-n  dlfflcalty  and/or 

subjects  With  greatly  reduced  vision  be  tested  before  the  criteTion 

of  accuracy  couid.  he  used  t©  evaluate  perf ofmanceo 

eonnluBlons.  On  the  basis  of  the  results  obtained  in  this 

exploratory  sxperimsnt  it  was  eowcludod  that  a Job-sample  test  of 

the  type  evaluated  pr6.vi#e.d  a feasible  means  for  developing  a met-. 

^ ^ js  d-,x  r©  o 

.itx-ii.  otPr.n  Vi:'S'4LeOIl  o *y-.a_y..-w v-  9 " 

n OCX-Ui"U  «^-'^  i W X*  ^ O^V-V».w.^-a.-w  -o  - 

concluded  that  It  wduid  be  feasible  to  mak-e  use  of  larger  and  more 
complex  equipme.nt  Irt-  developing  a Job-sample  tas.to 

PHASE  il 

On  the  basis  of  the  result s-obtiined  in  Phase  1 of  the  program 
of  research,  further  research  designed  to  provide  information  oon- 
oerning  the  basic  objeotive  of  the,  .con+ract  was  ihitia,tJfc__Thi>_...phase 
of  the  program  of  nesearch,  PhaS.e  II,  was  our  £i,rst  major  experimental 

effort. 6, 

^poseo  The  purpose  of  this  experiment  -was,  to  investigate'  uhe 
— fhe,  .different  visual  functions  measured  by  the 
Baus.ch  and  Lomb  Ortho-Rater^  and  performance  on  a j.ob-=sample  test 

developed  on  equipment  vrhibh  fdf  Security  pu^pow  udll  bd  refs-red 

to  as  Equipment.  Bo  It  was  hoped  to  drrive  at  a visual  profile  for 
the  particular  jobs  contained  in  the  job^sample  test,  and  the  family 
of  jdbs  related  to  ito 

the,  Job-Sample,  Testo  The  jdb-eample  test  consisted  of  di.al.s  con^ 
tainod  in  equipment  Bo  This  equipment  cons-iute.d  .o;|  ttxro.s  sul)-unit.s 
which  will  be  referred  to  as.  -feipment  Bl,.  32^,  and  B3o  Tbe  job- 


B 


sample  -best  was  d'c^elapea.  sfii^n  zxib  ioxxuf.j.u&  v-wn«-v*^-* 

minds  th«  total  teat  require  no  more  than  JO.  minuteS'S  the  teat 

oonsiaifc_sf  .eleme-nt-a  heOTllj  loaded  with  visual  elementa?  it_ 

consist  of  .Job  elements  important  to  the  Job  as  a whole.j  the  sub 
jects  be  busy  as  mu'ch  of  -the  t'isie  a.s  .possiblef  a md-fliaum  of  ten 
me'seuboaents  be  t-ahSn  on  any  one  stait-i-on  for  f.eliaoilit.y  purposes, 

.and  a minimum  <,f  time  be  required  to  learn  the  JOb-sampie  test.. 

The  fihiai  form  of  the  test  consisted  Of  seven  stations  with  a 

_ ^ _ .iwm^  X 

X ^ nx^  T.n©  w w**-wv^^v**^_o  -uv 

one  dial  w&re  treated  as  one  task®  in  other  words-,  if  a station 
contained  three  dials,  one  score  was  obtained  for  the  three  dials o 
Each  station  was  covered  with  a wooden  lid.  The  task  of  the  subject 
was  to  remove  the  l±d  and  repoTt  the  dial  reading^  or  re.aMng^s-5  §§ 
accurately  as  possible o 

Criteria  of  Perrormaticeo  The  criteria  of  performance  cid  this 
* «.nv»vm  a-a.  •■K.W.-p.ss  ' vii  Pha^s®  1 g.  time  and  accuracy 

j 'O'b— S'S'mp  jLe'  vs;a  u “ *»  c i' c v »»  m>  ~ r * — r- - ~ - - 

(See  page  5)^6 


Methods  of  Procedure 

Subiectso  One  hundred  fpur  male  subjects  were  used  in  ttis 
experiment.^.  All  were  volunteers  fTom_ element ary  psychology  courses 
ab  .Purdue  Opiveraity*,  I.t  Was  exp.ed*ed  this  group  of  sub.J.dc.ts  would 
ha.ve  a distribution  of  visual  skills  typical  of  that  to  be  found  in 
the  general  population o 

tdmjeiatr-ation  of  Experiment,  The  vision  of  each  subject  was 
measured  by  the  Bau.srh  and  Lomb  Orthb-Eater  immediately  .prior  to 
administering  the  Job-sample  test.  The  Ortho-Rater  Was  administered 
in  accordance  with  standard  te.stihg  procedures  (33), 
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The  job-sample  test  wa>s  aamxnas-^e^r«u  * 

in  front  of  the  dial,  or  dials,,  to  he  reads  ©n  the  ceitmand  "ready" 

SO  .grasped  the:  hanflis  on.  th^_  oo™^^  opmEand  "ho»"  he  refort 

the  setting,  of  the  dial,  or  dials.  Using  this  proced,ure  the  subject 
was  kept  busy  throughout  the  e*p.eris.ental  procedure.  The  actual  test- 

i^ng  pr'QceduTe  was  as  follovrs-j. 

1.  The  subject  Was  given  the  battery  Of  vision  t.e-s.t.,s. 

2.  The  subject  was  given  ah 

Qf  the  Jpte^sampl?  te;s4>-j,  and  each  of  the.  seven 

de;s=G=pibsd  in  detaii® 

3.  The  3,ub.Je.ct  was  given  two  trial  runs  across  all  seven 
station^..  Whenever  the  subject  made  an  ef’'or. 
cussed  and  the  correct  reading  was  explainer  to  him. 

The  actual  Job-sample  test  was  administered 

Thh  sequence-  o,f  seven  stations  was  repeated  ten  time  . 

The  order  of  re.ading.S  was  the  -same  for  all  subjects.  The  read 
ings  were  selected  ,so  the  dials  in  the  Job-eample  test  could  be  raS-et 
easlly  and  fa.pidly.  This  was  neo,ess.ary  in  order  to  adminis-te.r  the  teat 
in  50  mlhutee..  which  was  the  maximum  t.^me  a student  cOuld  be  scheduled. 

In  the  test  situation  the  subjects  were  advised  to  wear  the,  same. 
,e-ye  correction.,  if  any.  they  normally  wore  while  reading.:  - It  was  felt 
atypical  performance  might  result  If  those  subjects  normally  using 
corrected  vision,  were  required  to  perform  at  other  tHau  their  usual  - 

_ --of  - vi.,sAon-.---Aa.o.h.„3uijeotJtaS  .:teSted.,on  hj'.®  

the  same  correction,  if  any,  worn  during  the  experWent., 

Results:.,  In  order  to  investigate  the  nature  ot  the  test  itself, 
the  reliability  of  the  Job-Sample  test  was  estimated  by  correlating 
total  score  on  the  odd  against  the  total  score  on  the  even  trials  on 
the  Job-sample  test.  A standard  correlation  p,ro.o,edufe  was  used  (3:9), 
The  reliability  coefficients  were,  then,  "stepped  up"‘  using,  the 


.S]b.earinsji=~B^^  Prophecy  (ii)o  The  resnltihg  coefficient 

of  reliability  are  given  in  Table  2o 


tABLE_2 


Reliability  pf  iob- Sample 

Thee'S-U-re:  , , . - St-ation  . 

' Te.st 

Reliabiiitv  Goe f f i cient 

Time 

1 

_ o-§7 

Time 

2 

6-3’3' 

Time 

o93 

Time 

0.84 

Time 

5 ^ 

CO 

o 

Time 

' .6 

°91 

Time 

7 

o92 

Time 

Total  Test 

o9^5 

Accuracy 


Total  Test 


On  the  basis  of  tfee  obtained  coefficients  of 


reliability  it  was 


concluded  the  time  scores  obtained  were  reliable  measures,  of 
formanceo  ;No:  statement  concerning  the  reliability  of  performance  as- 
measured  by  the  accuracy  scores  was  possible  on  the  evidence  presented 
The  reliability  coefficient  of  theaa  scores  was  Ipwg  but  investigation 


_ A.  — ^ a.  .'T.rA.iA  A jorix 

Q'j;'  ■fc  ri'©  'CL'cni  <4  " “5311 W W t?  U U x o ?f'  ^ ^ — — -- 

committed  ware  for  the  most  part  committed  on  two  stations n There- 
fofe.g  the  obtained  reiiability  cpeffici'ent  iSg  in  all  probability p 
an  underestimate  nf  the  true  reliabilityo 

Variabilitvo  In  order  to  investigate  the  variability  of  the 
obtained  performance  scofesp  the.  variances  of  the  different  stations 
were  computedo  The  variance  of  each  of  th-  stations  in  the  yob^sample 


Tj; 


tes%  1,3  pre.seniie:d  in  fable  3® 


TAtBLE  3 


St-al,ion 


3' 

4 

« 

6 


Variance  of  Time-S.cgres  ori 
Each  of  Soveh  Stations 


Yaf lance 


24.0,38 

2,0  o 21 

44o93 

i 8o60 

17-g;o9-2 
56580 90 
13 89 o 00 


From  t-he  obtained  variances  of  tbre  different  stations  it  was 
coneitided  that  stations  5»  6j  and  7 accounted  fe?  imjor  portion 

of  the  variance  of  the  total  teste  Inspection  of  the  stations  in  the 
^lot'-sample  test  .showed  the.  dials  in  stations  Ij  2j  3»  and  4 differed^ 
considerably  from  the  dials  in  stations  5,  ’6 g and  7o  On  a logical 
basis  it  appeared  that  much  more  interpretation  was  req^uired  to  read 


the  dials  in  stations  5 9 6p  and  7o  Therefore 9 it  was  decided  to 
analyze  the  data  using  four  criteria  as  p.erhaps  being  indicative  of 

I 

j-t-b  successo  The  four  criteria  wares  (l)  time  On  all  sevon  stations 
(ten  runs) 5 (2)  time  on  stations  2^  3 9 and  4 (ten  runs)|  (3)  time 

- ■■  o - 

on  stations  5#  69  and  7 (ten  runs)}  (4)  accuracy  score  on  ail  eeveh 
stations  iten  ru-ns)o 

Predictors  of  the  crits-riab  The  predictors  of  the  criteria  were 
the  visual  functions  measured  by  the  Bausch  and  Lomb  Ortho-Ratero  The 
tvelve  ^visual  skill”  scones  obtained  from  the  0rthO"Rat.er  are  given 
in  Table  4o 


m-A.  tK.T  ip  ,1 


1. 

2. 


O 

- ^ o. 


Uo 

5o 

6.0 

7., 

I ■%' 

8 b 

9o 

iOc 

llo 

12  o 


Ortho-Rater  [Function^ 

Far  phoria  inert ical  - FPV 
Far  phpri.a  lateral  -r  FBL 
Far  ac.ulty  feoth  eyas  - 

F-a^r  aauit  y ey®)  ^ ^ x arnrp 

i - combined  into  best  eye  score,. 
Far  aicuity  left  eye  J FA  BE 

Far  depth  perception  - -DP 

:Farr  Q-Q-le^r  Yi  s t-  Qh:  F Q . ..  


#ear  acuity  both  ey-e-s. 


NAB 


Ne-a<r  rlgh-t.  best  . eye  ecofe, 

Near  acuity  left  ey&J  NABE 

- ,JL  j. 1.  m:djt 

Near  pnov  x a v x uci  x i^-x- » 

Near  phoria  lateral  — NPl* 

Four  and  n^e.  and  nine  end  ten  «ere  combined l this  reeuated  in  ten 
predictor  scores© 

Statletleal  ana-lysls. , The  Tiret  ste-p  in  the;  analysia  of  the 
data  w.a:S  to  Sompute  the  e.orrelat4on  o.f  e.aoh-  of  the  ten  predictor- 
variables  with  each  of  the  four  crlteria„  The  correlation  coeffi- 
cients obtained  using  a standard  correlation  procedure  (1?)  are 
presented  in  Table  5.o. 
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TJ.BLE  5 

Correlation  of  Grt.ho^-Rater  Functions  With  Criteria 
of  Performance  on  Job— Sample  Test* 


OrthbaRater  Time  Score 
Total  Test 

Time  Score 

/1.JL  T lO.'  . 

O h CV’U  i.W  11  0:  -L  fi  ft 

Time  Score 
0.  - K alb  5. 

7 

srr.g.v.tr.-  ■■ 

Aceurac-y  Score 
T O't  a^l  - Test 

FPV  -rol2 

-©04 

-©12 

0I6 

=.©.14 

-"0  02 

-0O8 

FAB  0.IO 

©08 

©10 

©02 

FABE  0O4 

©01 

004 

»^©05 

DP  ^ 0 Q3 

0O4 

-0O4 

©08 

FC  -0I6 

— 0 03 

"-©-10 

-©if  - 

NA-B  o-Po 

rv'r? 

0I7 

^©=06 

NABE  ^o02 

-©09 

-©01 

-«05 

NPV  0I9 

©03 

©20 

©06 

NPL  oOl 

-0I3 

©03 

-o>ll 

* The  signs  of  the  obtained  correlation  coefficients 
this  table  because  high  vision  score  represents  good 
low  time  score  represents  good  performanceo 

are  reversed  in 
vision  whereas 

Ihspectibn  of  the 

data  in  Table 

5 indicated  little 

or  no  relation- 

ship  between  any  of  the  Ortho-Rater  furictions  and  performance  bn  the 
job-sample  t.e.ato  -However,  the  possibility  that  factors  other  than 
vision  had  affected  performance  had  to  be  considered©  Therefore-  it 
was  decided  to  correlate  Ortho-Rater  scores  with  performance  on  the 
job-sample  test  holding  the  effect  due  to  intelligence  constant© 
American  Council  on  Education  (ACE>  scores  were  available  for  46  of 
the  subjects  that  participated  in  the  experiment-©  As  performance,  on 
the  ACE  test  is  highly  correlated  with  intelligence,  Ortho-Rater  scores 
were  correlated  with  performance  on  the  four  criteria  holding  the 
effect  of  ACE  score  constant©  The  resulting  partial  correlations  are 

given  in  Table  60. 


TABiS  6 


3A 


Partial  Correlation  of  Ortho-Rater  Scores  With 
Performance  on  the  Job— Sample  Test 
Hpluing  ACE  Score  Constant* 


TiiSiS:  Si&Q-j&e. 
Total  Test., 

Time  Score 
Stations;-  1,q2  o3..b4  . 

Time  Score  ^ 

S t at  i oh  s 5 7 _ 

Accura-cy  SC' 

-..Jl  .m 

r uTl-C  u.i.Uii 

FPV 

-ol7 

-o20 

I 

o 

H 

o02 

FPL 

-•o20 

^eOS 

0-04 

-o©9 

FAB 

o2.1 

oil 

o22 

o03 

FABE 

^6  10 

o02 

0,11 

- o 02 

RP 

slA 

-oOl 

ol6 

-o02 

FC 

-,o  14 

-o05. 

-ol5 

“o06 

NAB 

-ol3 

p02 

~o  l6 

^o03 

NABE 

o09 

o08 

o09 

-pOl 

NPV 

on 

~o07 

-p24 

= ol4 

NTL 

b-02 

pQ2 

^=.o02 

ol9 

* See  footnote  Table  5 


I-t  was  further  decided  to  correlate  Orthc-aatef  scores  with  lob 
performance  holding  the  effect  of  mechanical  aptitude,  oonstanto.  Scores 
on  the  Purdue  Mechanical  adaptability  were  available  for  63  of  the 
subjects  who  participated  in  -Lmoxiu o 

were,  correlated  with  performance  on  the  four  criteria  holding  the 
Purdue  Mechanical  Adaptability  scores  constanto  The  resulting 
partial  correlations  are  given  in  Table  7o 


a.  y 


T!^B3LE  7 

Par'tisl  Corrolaiiipn  of  0r'thO"’Rat;<er  Scores  With 
perforiaance  on«  the  J-o;b" sample-  Te^st 
Holding  Mechanical  Aptitude  Test  Scores  Constant* 


Ortho-Rater 
■Rii  n.C't  i o fi 

Time  Score 
Total  Test.. 

Time  Score 
„ St  a t i o n*3  1 » 2 ^ 3 « A 

Time  ocore 
Stations  5o6«7 

iiu-wUJsrov;  jr  o 

Total  Test 

FPV 

-ol3 

-.0-05 

-olA 

-ol9 

FPL 

-o6^ 

.-^ol5 

x==-o0'3  ' 

-oio 

FAB^ 

o09 

0x07 

o09 

oDo: 

F’ABE 

o;03 

oOO 

oQ3 

. . CkA. 

-o07 

aft.. 

DP 

6.0  A 

FC 

-oil 

-oOA 

-oil 

-ol9 

NAB 

ol7 

o07 

ol7 

-o05 

NABE 

-6.01 

-oQ8 

o OG 

-6  03 

NPV 

ol9 

o03 

o21 

0 07 

NPL 

o6l 

-olA 

o03  ■ 

-ol2 

* See  footnote  Table  5 


CohsideTatipn  of  the  parMal  correlations  in  Tables  6 and  7 
resulted  in  the  conclusion  the  data  offered  no  evidence  that  viaipn. 
was  related  to  performance  on  the  job^sample  testo 

In  designing  the  experihient  it  was  anticipated  that  near  visual 
acuity  would  show  the  highest  degree  Ox  correlation  with  job  per?^ 

-K/j,  tb^e  - fact- th©--tasl^pneeente4  job -sample  test 

was  performed  within  the  range  of  near  ppint  visioho  However, 
analysis  of  the  near  visual  acuity  scores  of  the  subjects  in  the  ex- 
periment showed  the  range  of  vision  was  restricted  to  relatively  high 
levels  of  visiono  In  addition,  the ^ distribution  of  the  other  visual 
skills  of  the  subjects  was  restricted  to  a narrow  range,  of  visiono 


-O 


Because  of  this  re'stricted  ra/h'ge  G.*f  visAon  iri  the  su=bj,ect;S  i^sed  in 
the  experiment  it  was  unlikely  any  great  idegree  cu  r-eilat ionship 
he.t.weftn  vision  and  performance  couLd  be  dempnaxirated ^ as  previous' 
studies  ( 26  j.2.8-,29  p3l).  have  shown  such  a relationship  t o be  more  apparent 
at  the  lower  levels  of  vision*  The  d-istrib-ut ions  of  the  visual  skills 
measured  by  the  Orthp='Ratsr  ^p.f  the  subjects  used  are  contained  in 
Appendix  A* 


Conclusionao  On  the  basis  of  the  evidence  presented  in  this 
study  the  following  conclusions  appeared  wa-rrautedg 

Is  Time  Scores  on  the  job  — saffiple  test  were-  relia-pie  ffie-aSuTea 


performance* 

2o  Perforsaanee  on  a job -sample  test  can  be  measured  and 
evaluated o 


— 

o>r 


3o  No  relationship  between  vision  and  job  performance  was  demon^' 
st rated* 

4.^  it  would,  be  of  value  to  conduct  another  experiment  similar 
to  the  one  reported  hersp  but  with  a wider  range  of  vision* 


PHASE  III 


Purpose o On'  the  basis  of  the  results  obtained  in  the  first 
two  phase  s of  th<e  pTogram  of  re  search  j,  Phase  III  was  init  iatedo  THe 
'--f  this  study  was  tp  iniirest igate  a methodology  for  setting 
visual  standards o Th#  methpdplpgy  consisted  of  doterminihg  the 
relat  iohsHip  between  vi.sioh.3.  as  me  a suited  by  the  Armed  Forces  Vision 
Tester^,  and  performance  oh  a job-sample  teetj,.  using  subjects  possess-s- 
ing  a high  level  of  visual  skill  and  reducing  their  vision  usifig 
crossed  cylinder  obligjae  leise.s  bo.  obtain,  tbe.  .rang.#  of  .vision  h.e:ce.s.s.s! 
ary  to  determine  the  manner  in  which  vision  is  related  to  job  per- 
formance 6 

The  job -3 ample  test o The  job-sample  test  used  in  this  study  was 
very  similar-  to  that  used  previously  in  Phase  il  of  the  pfdgfam  of  fe  — 
3©a=rcb  (See  pag-.e!?)©  T.he  j;db— sample  te-st  con-sisted-  of  ten  different 
types  of  dia3.s  contained  in  Equipment  Bo  The  ten  dials  selected  as 
the  job-sample  test  were  representative  of  all  the  dials  contained 
in  Equipment  BlpB2jB3o  These  dials  represented  the  visual  tasks 
involved  in  four  battlestatioh  assignment So  In  addition.j,  certain  of 
the  dials  used  are  common  t.b  many  jobs  throughout  the  Navyo 

The  job-sample  test  was  administered  by  placing  a wooden  lid 
over  each  of  the  dials  and  having  the  subject  remove  the  lid  and  read 


— - 


'WoL'3  virl^hr  “S  h'aiid“xts  su  une  sru'DjeCX  cOUXci 


easily  and  quickly  remove  the  cover  from  the  dialo  In  the  test 


situation  the  subject  was  given  two  c:ommahdso  On  the  command  "ready” 
he  grasped  the  handle  on  the  cover,  arid  on  the  command,  "now"  he 
removed  the  cover  and  read  the  dial  setting  as  quickly  and  accurately 
as  possibleo  The  dials  were  set  on  pre-determined,  randomly  selected 


readihgSo 

The  test  was  administered  with  the  subject  in  the  position 
from  which  operators,  normally  work  under  battle  cpndition.So  This 
p-O-siti-on  wa^s  held  constant  by  use  of  a harrier  to  present  the  subject 
from  getting  closer  to  the  dial  than  the  normal  operating  positionc 

The  apparatua  was  illuminated  by  both  daylight  and  overhead  illum- 
ination® This  resulted  in  a vari.at.ioh  of  illumination  on  the 
apparatus®  However,  because  of  the  relatively  high  levels  of  illum- 
ination involved,  the  variation  in  illumination  should  have  had 
ooilpafativeTy  iittl.e  e.fTec't  on  .performance  (3'0)o 

Criteria  of  performance ® The  criteria  of  performance  on  the  job- 
sample  test  were  the  same  as  those  in  Phase  I and  II s time  and  ac- 
curacy (See  page  5) 6 

The  time  recorded  was  the  time  elapsed  between  the  command  ”now” 
and  the  first  report  by  the  subject®  A maximum  time  of  one^half  minute 
was  allowed  to  read  a dial®  The  reading  given  by  the  subject  was 
recorded,  and  this  reading  was  siospared  with  the  dial  setting  to  deters 
mine  the  accuracy  score®  The  reading  was  scored  incorrect  if  it 
differed  in  any  way  from  the  exact  reading®  No  attempt  was  made  to 
assess  the  error  according  to  its  magnitude®  In  those  very  few 
instances  where  a subject  was  unable  to  read  a dial  in  ohe-^half 
minute,  the  time  score  was  recorded  as  fifty  one-hund.iLedths  pf  a 
minute  and  the  reading  was  recorded  as  being  in  error® 

Subjects®  Teh  male  subjects  were  used  in  this  experiment ® These 
ten  subjects  were  selected  from  graduate  students  in  psychology  at 
Purdue  University®  A total  of  15  students  were  refracted  by  a graduate 


2 - ' 

optometirst  , and  from  the  total,  ten  subjects  were  chosenr.  The  Ohoice 

was  baeed  s.oley  on  the  visual  characteristics  of  the  studefitho  The 


teji  subjects  used  were  those  who  had  the  least  visual  difficulty  with~ 
but  spectaciss  and  could  be  corrected  to  2G.-/15  or  bet  tar  at  near  point 
vision  with  the'  appropriate  optical  correctionso  NO  student  who  needed 
any  large  degree  of  ast.ig,mat,ic  cp.rrecti.bn  was  sb,lected.g  since  the  clip- 
on  lenses  used  to  reduce  vision  produced  an  astigmatic  error  and 
atypical  performance  might  result  from  a subject  normally  possessing 
any  great  degree  of  abtigmatismo  All  subjects  were  fitted  with  the 
appropfiate  spectacles  and  these  spectacles,  together  with  thO  proper 
f-lip“Oh  lenses  were  worn  whenever  the  subject  was  participati-ng  in 
the  experimento  The  prescript  ions  for  the  spe.ctacles  worn  by  each 
subject  are  given  in  Appendix  Ba 


The  subjects  were  not  Cbhsi-deTed  as  a sample  of  the  general  popu- 
lation buvt  rather  ae  a sample  of  a population  of  above  average  intelli- 
gence ^ with  a reasonab4-s-  df-g,rss  sophistication  in  the  area  of 
experimehbal  psycholo.gVj,  and  possessing  certain  visual  characteristics  a 
The  subjects  were  paid  t-xfv  participating  in  the  experimento  It  was 
assumed  that.~Sbphdrst icatsd  subjects,  paid  for  their  services,  would  be 
more  highly  motivated  in  their  performance  on  the  job-sample  test  than 
volunteer  subjectso 


of  experiment o The  job-sample  test,  a mpdrf ibatibn.  o;f  thah 


used  in  Phase  II  of  the  pro,gram=  of  research,  appeared,  to  meet  the  needs 


2o  The  subjects  were  refracted  by  Dro  Merrill  Jo  Allen,  Sb:hb.ol  pi 
Optometry,  Ohio  State  Universityo  Thb  subjects  used  were  chosen 
on  the  basis  of  his  recommendations o 


for  the  prohlem  to  be  stjjdied  in  this,  experimento  Wneh  trie  job^eaiupte 
test  was  completed  and  the  criteria  of  performance  determined?  it  was 
necessa^ry  to  adapt  a mathematical  model  to^  analyze  the  data  and  plan  the 
.adm-ihi:at  :;^ati,Qn  of -the.  e.xperA.5*P-nt ».  — 

The  basic  mathematical  model  used  wa=s  a factorial  ahalysi-.s  Q'£  yari- 
ance  design  with  the  three  dimensions  of  ten  subjects^  five  levels  of 
vi.sion.p  and  ten  dialSj,.  with  ten  replications <5  This  design  provided  a 
sensitive  teat  for  the  effects  of  sub.jefets^  levels  of  vision^  and  dialso 

Iri  order  to  meet  the  assumptions  of  this  trype  design,  it  had  to  be 
randomized  (i7)o  Therefore,  the  ten  dial  readings  in  each  cell  were 
selected  using  a table  o.f  random  numbers  (10)  o In  addition,  the  order 
in  which  each,  cell  pf  ten  readings  was  given  to  a sub ject  was  randomized 
using  a table  of  random  numbers  (7»ppo3r8“3-82),  so  as  to  Fandom-ly  dis=- 
tribute  any  effect  on  performance  arising  from  extraneous  factors  through"- 
out  the  des.ign.o 

Because  it  was  necessary  to  obtain  vision  measurements  on  a subject 
imms.d'iiit.s.ly  prior  to  breihg  tested  on  each  set  of  ten  readings,?  adminis- 
tration of  the  experimeht  by  cells  provided  the  most  efficient  means  o.f 
obtaining  the  necessary  vision  measurements  and  collection  of  the 
expeTrizuental  datao 


Method  of  obtaining  range  of  visiono 


There  are  fwo  methods  whereby 


a wide  range  of  visual  acuity  mhy  be  obtained  for  experimental  purposes.© 


These  two  m.ethpds  ares  ;(l)  serpen  people  frem  a populatlpn  to  find  sub- 
jects with  the  necessary  ^nge  of  vision, or  (2)  use  subjects  with  higher 
levels  of  acuity  and  reduce  their  acuity  by  artificial  means©  The  first 
prp-c.e.dure  is  generally  not  feasible  due  to  the  fact  that  generally  a very 


•sm.all  percentage  of  individuals  with  low  levels  of  visual  acuity  are 
available  (See  Phase  II)©  Fu-rthsr,  a job-sample  te.st  often  involves  a 


cpnside-FablQ  amount  of  eq.uipmont  and  cannot  be  Installed  in  a place  con- 
venient to  use  subjects  screened  frpla  o'the.r  ,populatio.n.s.o  Because  a wide 
range  of  vision  generally  cannot  be  easily  obtained  by  the  first  method, ^ 


a ms't;h.O-&o.lo,gy  ba.3:e4‘  on  tih.e  .ae-cnnd  wouLd  be  mucb  gre;ate:r  Y-a?iaiis;o. 

In  a join>t  cohferenbej,  members  of  the  research  staff  at  Purdue  Uni 
versity  and  Dr©  Henry  Imus  and  Dr®  Glen  Fry  of  the  Armed  Forcgs  Ylsidh 
Committee  concluded  that  a.  method  developed  and  used  extensively  by  Dro 
Fry  in  his  previous  research  provided  the  most  feasible  means  of  pro- 
ducing a wide  range  of  visual  acuityo  This  method  consisted  of  placing 


crossed-  cylinder  lenses  in  front  of  bhe  subjeots-  eyes.,  which  was  accom- 
plished by  having  the  crossed  cylinder  lenses  mounted  in  frames  that 
clipped  on  to  the  spectacles  fitted  to  each  subjecto  The  type  of  crossed 
.cylinder  lens  used  was  one  wit.h,  plus  power  in  one  principal  meridian  and 


ah  equal  amount  of  minus  power  in  the  other  principal  meridiano  The  two 
principal  meridians  were  at  right  angles  to  each  other  and  Af.®  from  the 


verticals-  - - 

A lens  of  this  type  produces  an  astigmatic  error o the 

effect  of  the  crossed  cylinders  is  the  same  as  throwing  the  eye  out  of 
focus  by  plus  or  minus  sphereso  Such  spheres  blur  vision  in  the  same 
manner  as  if  thd  eyes  were  over  or  under  accommodatedo  The  only  way  a 
subject  can  ove-rcoine  this  astigmatic  error  is  ”to  accommcdate  simul- 
taneously for  each  meridian  separately^  which  is  prac.-t.icaliy  an  impossi- 
bility” (Ai>  p.pbl.8:S,o.2A  p=dl4A)o  Thus  the  error  produced  can  be  compared 
to  astigmatism  occurring  naturally  in  a pair  of  eyes  (20) o 

The  amount  of  astigmatic  error  produced  in  the  subjects  ranged  from 


O ‘S. 


no  error  to  4o00  dippte‘rSo  The  presc,riptions  for  the  clip~on  lenses  and 
the  amount  of  astigmatic  e^rror  ;produ.ee'd  by  each  are  contained  in 
Appendix  Go 

The  method  crossed  cylinds-ns  was  u’sed  in  preference  to  oiihe.r 
methods  because  the  subj.ect  is  unable  to  accommodate  for  the  optical  'error 
produced  by  the-  crossed  cylinder  lenses  and  little  or  no  eye  strain  re- 
sults from  their  uae-o  However jp  the  question  of  difference  in  performance 
of  two  subjects j,  one  naturally  possessing  a low  level  6>f  visual  acuity  and 
the  other  who  na^turally  possesses  normal  vishal  acuity  which  has  been 
aitered  by  croeaeh  cylinder  xe-riSes  to  the  same  low  level,  remains  un- 
answeredo  The  writer  feels  this  question  will  have  to  be  answered  on  the, 
basis  of  experimental  evidence<»  However,  it  would  appear  safe  to  assume, 
that  when  all  other  factors  are  equal,  a subject  with  artificially  poor 
vision  would  perform  less  well  than  a subject  with  naturally  poor  vision, 
since  the  subject  with  naturally  poor  vision  has  had  many  years  of  ex- 
perience to  learn  to  compensate  for  his  poor  vision  by  using  visual  cues 
more  ef f ectively o:  In  other  words,  because  of  his  long  period  of  learning 

experience,  the  subject  with  naturally  pppr  vision  should  be  more  pro- 
ficient o Therefore,  visual  standards  set  by  tnis  method  may  be  in  error, 
but  any  such  error  would  likely  be  too  stringent,  which  in  effect  would 
be  an  error  in  the  conservative  direction® 

, Ad m-i ni s t r a t i o n of  the  experiment o This  experiment  was  conducted 
over  a ten  day  periodo  Each  subject  was  scheduled  for  .1^  hours  testing 
time  per  dayo  The  first  test  period  for  each  subject  was  spent  in  train- 
ing him  on  the  ten  dials  contained  in  the  job—  sample  testo  On  the  suc- 
ceeding nine  test  periods  he  was  tested  according  to  the  pre-determined 
order  of  cellso  The  time  required  to  administer  each  cell  was  approxi- 
mately 15  minuteso  The  procedure  for  administering  each  cell  was  as 
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(6) 


The  appropriate  lenses  vjere  clipped  onto  the  fitted  speC'^acles 
worn  by  the  subjects  throughout  the  experiment o 

The.  subject  w_as  tested  oh  the  Bauseh  and  Lomb  Ortho^Rater  in 
Jcoordahce  with  stamrera  ednvini  strati  on  pro&eidu^es 

The  subject  was  tested  on  the  Armed  Forces  Vision  Tejtpr  in 
accordance  With  standard  administration  procedures  {32)o 

The  subject  was  given  the  following  instruction  concerning  the 
criteria  of  performances  "Two  measures  of  performance  will  be 
recorded--the  time  it  takes  you  to  read  the  dial,  and  ^he 
accuracy  of  the  reading  you  giveo  Therefore,  read  the  dial 
rapidly  and  as  accurately  as  you  caho" 

^ --.A.  -4.  f T AT-e  +.=o  t Qu  r)racti.ce readings  on,  the  dial 

to  be  read,  the  number  of  practice  readings  given  depending 
the  difficulty  Level  of  the  dialo 


The  ten  readings  in  the 
table  o-f  random  numbers, 
ministered  by  having  the 


jsllj,  which  had  been  selected  using  a 
were  administere.do  The  test  was  ad- 
sub  Ject  remove  the  lid  on  the  command 


«now«,  report  the  dial  reading,  and  then  step  back  and  tujn  his 
head  while  the  experimenter  set  the  dial  on  the  next  reading 
and  replaced  the  lido  He  then  resumed  the  uormal  operating 
position  for  the  next  readingo 


Treatment  of  Data 

Reliability  o£  .i-o-bT sample,  teste  The  first  step  in  the  anal^is 

of  the  data  was  to  determine  the  reliability  of  the  Job-^sample  test  to 
determine  if  it  was  a reliable  measure  of  performancso  The  reliabilities 
of  both  time  and  ap.curacy  scores  were  computed  for  both  the  total  test 
and  for  each  dial  individually o This  was  accomplished  by  correlating 

^t.h-e-^peuf.ouman.cjB_J)-n  the  odd  numbered  replications  in  the  cells  against 

performance  on  the  even  numbered  replications  in  the  cellso  A standard 
correlation  procedure  (19,P<>96)  was  usedo  The  obtained  correlation  co- 
efficients were  corrected  using  the  Spearman-^Brown  prophecy  formula 
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Ahaly 3 i 3 of  variance  of  time  gcoreso  The  t,i-me  sciores  reco-rded  in 
this  experiment  we.re  first  analyzed  using  a factorial  analysis  of 
v-arian-es  desig.no  The  ten  subjects  were  treated  as  a sample  of  a pop- 
ulation «>  The  ten  dials  were  tr'eated  as  a popuiatidn  of  dials  aha  the 
five  levels  of  vision  were  t-rea'ted  as  a fixed  populationo 

The  first  step  in.  the  analysis  was  to  test  the  data  for  homogeni-ety 
of  variance,  as  homogehiety  of  variance  is  a basic  assumption  of  the 
design©  The  Bartlett  test  for  homogeniety  of  variance  described  by 
Edwards  :(7,  p©196)  was  used  to  make  the  test  on  the'  raw  time  scores© 

As  this  test  showed  the  variance  of  the  raw  data  to  be  heterogenous, 
the  d.ala  were  traneformed  to  .meet  the  assumption.-©  The  transformations 
made  were  decided  upon  from  estimations  of  the  proper  transformation 
using  t he  p r o'dd dur e s outlined  by  Bartlett  (2)©  The  log  log  trans- 
formation of  the  raw  time  sc-ores  met  the  assumption  of  homogeniety  of 
variance,  and  this  transformation  was  used  in  the  subsequent  analysis© 

The  Bartlett  tests  performed  and  the  transf ormatic>ns  made  are  discussed 
in  Appendix  D© 

After  meeling  the  assumption  of  homogeniety  of  variance,  the  analy- 
sis  proceeded  in  a manner  similar  to  that  discussed  by  Lindquist  (17) o 
The  significance  of  the  difference  between  the  means  of  each  of  the  main 
effects  of  subjects.,  dials,  and  levels  of  vision  was  tested  as  was  each 
of  their  first  and  ssGond  order  interactions©  _ ■ 

Analysis  of.  v-a.-r:ia-n-ee  of  accuracy  scores  © The  accuracy  scores  recorded 
in  this  experiment  Were  also  analyzed  using  a factorial  analysis  of 
variance  design©  Each  reading  given  in  the  course  of  the  experiment  was 
considered  correct  only  if  the  subject  read  the  exact  value  at  v^hich 
the  dial  was  setj  any  deviation  from  the  exact  setting  was  counted  as  an 
error©  Using  this  criterion,  Lhe  percentage  of  correct  readings  in  each 


cell  of  ten 


r^e-adi-S-gs  1*as  c^loulatedo  These  percentages  were  transformed  into  angleSp 
expressed  as  degrees  j,  using  Snedecor  ®s  arc  sine  transformation 
(23  jPPo4'92^“494)  o The  percentages  thus  transformed  were  analyzed  in 
the  svamsi  manner  as  the  tipae  scores » exc-e.pt  that  only  one  value  per  cell 
was  availahl-e  and  thererfore  the  analysis  was  performed  using  one:  value 
per  ceiio  This  procedure  had  the  effect  of  reduoing  the  sensitivity 
of  the  FWtest  but  was  the  only  manner  in  which  these  data  could  be 
treated  by  analysis  of  variance  © As  ho  test  for  homogeniety  of  vari- 
ance is  available  where  there  is  only  one  reading  per  cellp  h.omogeuiety 
of  variance  had  Ag,  be  assumed©  However  j,,  the  assumption  would  appear 
to  be  valid  as  the  arc  sine  tends  to  be  d i s t r i b nt e d normally  (i,  14b-PPp  164=' 

165)0 

The  developmeht  of  performance  curves©  The  purpose  of  this 
analysis  was  to  describe  the  relationship  between  vision  and  performance 
on  the  various  dials  on  the  Job-sample  test©  That  a relationship  exis- 
ted was  established  by  the  analysis  of  variance©  Curves,  representing 
the  relationship  between  performance  and  near  point  acuity,  as  measured 
by  the  Armed  Forces  Vision  Tester,  for  each  dial,  would  provide  a 
convenient  means  of  establishing  visual  standards  for  the  dials  involved© 

Analysis  of  the  visual  tasks  involved  in  the  job-sample  test  showed 
the  dials  were  read  at  distances  ranging  from  I6  to  24  inches©  Therefore 
the  relationship  between  near  visual  acuity  and  Job  performance,  was  the 
logical  relationship  to  be  studied©  It  was  desired  to  use  binocular 
acuity  in  the  analysis  § but  as  the  Armed  Forces  Vision  Tester  contains 
only  monocular  acuity  tests,  for  the  purpose  of  this  analysis  best  eye, 
hear  acuity  scores  were  used  as  the  best  estimate  of  near  binocular 
acuity  available© 


Horowitz  (12)  reported  that  in  general  near  binocular 


j.  i TKfl.redi*O.Te  a t-.h^S 

acuity  is  b§tt,e.r  than  nonocuxar  a’cuauy  xu  , 

be.st  eye  near  acuity  score  of  a subject  should  approximate  h.ls  binocular 
acult.y.  The  average  of  the  best  eye  near  acuity  scores  made  by  each 
subject  while  wearing  each  of  the  lenses  was  used  in  the  analysts.  This 
resulted  in  five  vision  scores  for  each  subject  which  are  given  in 
Appendix  Eo 

The  procedures  followed  for  fitting,  the  curves  in  general  were  the 
same  as  those  outlined  by  Ezekiel  09)  and  by  Croxton  and  C-owden,  (5)o 

the  ..re.l.ati&nshtp  bet-ween  vision  a^nd  per f^^^^  on 

\;/'VA'JL'  V -WW  A __  

the  time  criterion  were  fitted  to  the  data  for  each  dialo  A free-hand 
curve  and  one  fitted  by  a mathematical  function  were  developed  for  e^ch 
dial*  The  curves  fit  by  the  mathematical  runction  did  not  necessarily 
describe  the  nature  of  the  relationship  between  near  acuity  and  perfor- 
mance better  than  the  free-hand  curves,  but  were  used  as  a convenient 
means  of  representing  the  data.o  In  general,  the  mathematical  curves 
departed  very  little  from  the  free-hand  curve So 

Curves  representing,  the  relationship  betwoen  iperf ormance  oh  the 
accuracy  criterion  and  near  visual  acuity  scores  were  also  developed. 
These  curves  were  fitted  by  the  free-hand  method  only. 

The  oomplete  methodology  used  in  developing  the  curves  is  included 

in  Appendix  F o 

Results 

Reliabilitvo  The  reliability  of  performance,  as  measured  by  both 
the  time  criterion  and  the  accuracy  criterion,  obtained  for  each  dial 
and  for  the  total  test  by  correlating  the  odd  against  the  even  replica- 
tions in  the  cells,  is  presented  in  Table  8o 


Reliability  of  Performance  Scores 
on  the  Job- 3 ample,  Tebt 


Diai.'Njo.e 


Reliability* 

( T ime  C jp  i t e^r  i.o  n ) 


Re 11 ability * 

C Acc-ura.c.y  „.cr  iter  ion)  . 


1 

2 

3 

k 

5 

6 

7 

8 

9 

10 

TOTAL  TEST 


o87 

o92 

oM 

o94 

o6'9 

0.95 

o98 

„90 

o91 

0^2 

o96 


-oil 

o72 

oOO 

-ol5 

-o09 

o69 

o34 

e 6 '6 

^71 

o O'  6 

o59 


■^Corrected  by  Spearman-Brown  Prophecy  formula 
Analyses  of  Variance o The  analysis  of  variance  of  time  per iprmii-au« 
formed  on  the  log  log  transformation  of  the  time  scoresa  The 


was  per 

analysis  is  pressnte-d  in.  Table  9o. 

TABLE  9 

Analysis  of  Variance  of  Time  Scores 


Source  of 

V A "p  T s.'h  ion 

df  . 

Sums  of  Sciuares 

Mean  Square  . F-natio 

V Cb  L JU  ^ - > 

Between  Subjects 

9 

3 o 9127 

a 4347 

68c23'* 

Between  levels 

4 

14.0  376  8 

3 P 5942 

89  a 82* 

of  vision 

Between  Dials 

9 

31o7613 

3 o 5290 

109o01-«- 

.S.ii-b.  ^e-c-t-s.  X _le.^yss.lj 

a 

1 o4404 

O 0 40  0 

O'  0 SC'O  ” 

cf  vision 
Subject-s  X dials 

81 

2 a 6222 

00324 

5o08-* 

Dials  X leve.ls 
of  vision 

36 

2o8773 

aQ7'99 

4o48* 

Subjects  X dials 
levels  of  vision 

X 

324 

5o7790 

a 017  8 

2o80* 

Within  calls 

450G 

28a-676l 

O-0.0.64 

Total 

4999 

91'o445B 

■^Significant 

"beyond  tpe  15^ 

28 


SeYfn  hypotheses  we^re  teated  in  this  analysis*  Th.e  hypothesis  of 
no  difference  betweeri  means  for  subject's,  levels  of  vision,,  dials-,  and 
each  of  thei"  first  and  second  order  interaction's  were  evaluatedo 

The  F—ratip  fo.r  each  of  the  main  effects  of  subjects.,  levels  of 
vision,  and  dials  vaS  significant  beyond  the  levfelo  Therefore,  for 
each  main  effect  the  hypothesis  of  no  mean  difference  was-  rejectedo  in 
addition.,  the  F-ratios  for  all  the  interactions  Of  the  main  effects  vr.e.re 
significant  beyond  the  2.%  level  of  confidence « 

The  analysis  of  variance  of  acGurac,y  Scored  ‘was  performed  on  the 
arc  sine  transformation  of  the  percentage  of  correct  readings  in  each 
cell  of  ten  readings p The  analysis  is  preis.ent.ed  in  Table  10 « 


TABLE  10 

Analysis  of  Variance  of  Accuracy  Score 


Source  of  Variation 

,df 

Sums  of  Squares 

Hear  Squares _ 

F=rati-o 

Between 

Subjects 

9 

3069o20 

341 0 03 

7o02* 

Between  levels 
of  vision 

4 

4162  0=80 

1540 p 70 

21o'09^ 

Between  Dials 

9 

123  57  o 7:0. 

1373 0 08 

14  0,54* 

Subjects  X levels 
of  vision. 

36 

2630o33 

73o07 

lo50** 

Subjects  X Dials 

81 

7647 o 38 

94o41 

lo94* 

Dials  X levels 

36 

570  5.0  04  

15-8  0-47 

3-0.26* 

of  vision 

Subjects  X diala 
X levels  of  vision 

-aov 

15749  0,37 

48061 

TOTAL 

499 

5332I082 

Significant  beyond  1^  level 
**  Significsn-c  neyoiid  levex 


^ ^ ^ — >•  •, — * \ . t —.J.  Jii  - ^Vi.A.  V\«tT-T^ /T\.4*..Vi  Q-A  0“lf 

Six  hypotheses  ^ere  ^esxea  in  T>nx»  cx-naa,joM^-c  

no  mean  difference  in  accuracy  for  each  of  the;  main  affeci-s  of  sub- 

. _ _ ii  Jt  J-4.  .r\  T 4^.ri.o  1 ^ :K-r^J»5'©rA«  .“ff'T T*  0-l?.Ci.e~r*  — 

jecxs^  leiFexs  oi  vx»xv^-?  ^h^j.  vxi«^o5f  _ 

interactions  were  evaluatedo  The  F-ratios  for  each  of  the  main 
effects  were  significant  beyond  the  1%  level  of  confidence  so  the 


hypothesis  of  no  mean  difference  was  rejected  for  each,,  The  Fvratios 
for  the  interaction  of  subjects  and  -dials^  and  dials  and  levels  of 
vision  were  also  significant  beyond  the  1^.  level  and  the  hypothesis 
jip  mean  diffe3?^^e-n-Ge  was  reiected  in,  each  cn"S®e  The  F-ratio  for 
the  interaction  of  subjects  and  levels  of  vision  was  isignificant  at 


the  3%  level  and  although  hot  as  significant  as  the  other  conditions^ 
si g,ni.f leant  interaction  between  subjects  and  levels-  of  vision  was 


indie atedd 

Time  Performance  Curves,,  Mathematical  curves j,  fitted  to  the 
data  collected  on  the  basis  ei  the  time  criterion^,  ws^s  developed 
for  each  of  the  ten  dials  in  the  jub-sample  te.st-o  The  mathematical 
curve  that  gs-vs  t/ne.  bjes.t  Jit  W for  ali  dials  was  usedo 


— - Q.rwJ.  ■mns.t.,  difTi.C.Ult  di'EtlS.  3rP® 

Tfte  fesuiTiiLng  curves  xui-  otio  oa,o-j.v»  w u^  — — — - - 

sh^own  in  Figure  lo  Time  scores  in  hundredths  of  minutes  form  the 


orci‘i:n."^"U.e  arm  x-wr  %> 


on  T-e^st.er  Score  p,  best.  eje,«  near  acuitjp 


form  the  successive  abscissa,.^  The  time  curves  developed  for  each 
of  the  ten.  dials  are  contained  in  Appendix  Fo 


Accuracy  Performahae  Curve a o Free-hand  curve a p representing  the 
curve  of  best  fit  to  the  data  collected  on  the  basis  of  the  accuracy 
criterion  as  deteTmined  by  eye  were  developed  for  each  of  the  ten 
dials  in  tb.e  iob-sample  testo  The  resulting  curves  fdf  the  easiest 
and  most  difficult  dials  are  shown  in  Figure,  2,o  The  percent  of 


correct  readings  given  form  the  ordihate  and  the  euccessivs  abscissa 
are  visual-acuity  scores,  obtained  on  the  Armed  Fbrces  Vision  Testero^ 
^he  accuracy  curves  developed  for  each  of  tte  ten  dials  are  contained 


in  Appendix  Fo 


3o  The  corresponding  Snellen  acuity  notation  for  each  Armed  Forces 
Vision  Tee^o^  score  is  also  given  on  the  abscissa© 

Ao  The  corresponding  Snellen  acuity  notation  for  each  Armed  Forces 
vision  Tester  score  is  also  given  on  the  abscissao 
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VISION  SCORE 

FIO.  1 . COMPARISON  OF  RELATIONSHIP  BETWEEN 
BEST  EYE  NEAR  VISUAL  ACUITY  SCORE  CN  AR^D 
FORCES  VISION  TESTER  AND  PERFORMANCE  TIME 
ON  DIALS  3 (E:A^IEST)  AND  7 (MOST  DIFFICULT). 


percentage  of  CQRREiCT  RS:AI5£NGS 
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VISION  SCORE 

FIG.  E . COMPARISON  OF  RELATIONSHIP  ] 
BEST  EYE  NEAR  VISUAL  ACUITY  SCORE  01 
FORCES  VISION  TESTER  AND  PERCENTAG] 
CORRECT  READINGS  OK  DIALS  3 (EASIEST! 
7 (MOST  DIFFICULT). 


In.terpretatlon  of  Results 


Reli-.abilit7o  The  reliability  of  performance  on  the  time 
criterion  was  of  sufricieht  .pagnituds  on  -all  dials  and  On  total 

test  to  warrant  the,  conclusion  that  on  all  dials  the  time  scores 
obtained  were  a reliable  measure  of  performance „ Therefore, 
conclusions  based  upon  performance,  as  measufM  by  this 
Were  made  with  considerable  assurance  that  if  the  experiment  were 
repesfted  with  the  same  subjects,  or  similar  subjects,  under  the 
same  conditions,  similar  results  would  be  obtained* 

The  reliability  of  performance  on  the  accuracy  criterion  was 
very  low  for  certain  dialso  " inspeetion  of  the  data  revealed  that 
few  errors  were  made*  Therefore,  due  to  the  nature  of  the  data,  the 
reliability  coefficients  necessarily  were  low*  Although  no 
were  drawn  concerning  the  reliability  of  periurmanoe,  as  measured  by 
the  accuracy  criterion,  inspection  ci  vne  aaW 
ance,  under  a given  condition,  was  highly  consistent* 

Analyses  of  Variance 

Because  all  conditions  in  both  analyses  were  the  same,  the  F» 
ratios  obtained  for  each  of  the  main  effects  of  dials,  subjects,  and 
levels  of  vision  and  each  of  their  first  and  second  order  interactions 

_ we^e  ^atistically  significant  in  both  analyses*  Therefore,  the  

hypothesis  of  no  d-ifference  in  mean  performance  was  rejected  for  a.^ 


conditions* 

Of  utmost  1-mportanoe  in  the  evaluation  of  the  methodology  used 
in  this  experiment  was  the  effect  of  levels  of  vision  npon  performance 
As  the  hypothesis  of  no  difference  in  mean  performance  at  the  five 
levels  of  vision  was  rejected,  it  was  concluded  that  vision  had  a 


real  and  significant  effect  upon  performance o From  this  it  was 
concluded  that  performance  on  the  joh-sample  test,  as  measured  by 
the  criteria  of  perf  ormance , was  re.late4  tQ^isioh|  that  as  visual  ^ 
efficiency  was  reduced,  perfornianee  on  the  dial  reading  task 
poorer^  fherefdfe^  parfOTmancQ  ^as  a function  of  visual  effici  y 
Of  somewhat  lees,  out  still  of  major  importance  to  the  metho- 
dology  investigated  in.  this  experiment,  was  the  test  of  the  dif- 
ferences between  dialso  As  the  hypothesis  of  no  mean  difference  in 
perf6rmah.ee  on  the  ten  dials  was  rejected?  it  was  conc-luded  there  w s 
a real  and  significant  difference  in  performance  oh  the  different 
dialsc  From  this  conclusion  it  was  inferred  the  visual  task  involved 
in  reading  the  different  dials  differed  in  difficulty*  Because  there 
was  a difference  in  perforiaance  on  the  different  dials,  it  was  con 
eluded  that  visual  standards  would  have  to  be  developed  for  each  dial 
separately!  that  because  the  different  dials  represented  visual  tasks 
differing  in  difficulty,  visual  standards  developed  on  one  dial  could 
not  be  generalised  to  anc ther  dialo  Therefore p oh  the  basis  of  these 
results  it  was  necessary  to  develop  curves  relating  vision  to  per 

formance  for  each  dial  separately© 

The  performance  of  the  different  subjects  on  the  job-sample  test 

, differed  significantly©  The  hypothesis  of  no  difference  in  the  mean 

““perfoi^oe  of  jeots  Vai'hdjeCted^“Th  -ex^psc^ed.  -as^ 

rarely  do  subjects  perform  alike  on  a complex  task©  The  conclusion 
drawn  from  this  result  was  that  the  performance  of  a subject  on  the 
job-sample  test  could  not  be  predicted  from  the  performance  of  an- 
other subject,  but  that  the  best  prediction  of  any  subject  would  be 


a prediction  based  on  the  group  mean 


35 


Each  of  "the  interactions  of  the  main  (effe.cts  in  the  analysis  was 
sta^tisti pally  sighificanto  However,  they  were  difficult,  to  interpret, 


both  statistic  ally  and,  in  t-e:r.me;  their  methodological,  significance  o 
As.  they  are  of  little  importance  in  evaluating  the  methodological 
implications  of  the  experiment,  it  need  only  be  stated-  that  the- 
snhiects  reacted  differently  to  the  different  Levels  of  vision  and  to 
the  different  dials  and  that  the-  fuhctioh  relating  levels  of  vision  to 
dials  differed  significantly  for  the  different  dials  and  levels  of 
vis ion 6 

Performance  Curve Se  Inspection  of  the  periormanee  curves  on 

both  the  time  criterion  and  error  criterion  showed  that  in  general 
the  curves  followed  the  same  trends  This  Indicated  that  good  per- 
formance on  one  criterion  was  associated  with  good  performance  on 
the  other*.  Likewise  as  performance  decreased  on  the  ha:sis  of  one 
criterion  it  decreased  in  similar  manner  on  the  dthero  Furthermore, 
the  point  Of  vision  at  which  the  <^ec.rease  in  performance  was  accel** 
erated  was  approximately  the  same  on  both  sets  of  curves©  It  must  be 


remembered  that  the  time  curves  were  curves  fitted  to  the  data  using 
a mathematical  function  whereas  the  accuracy  curves  were  free-hand 
curves  fitted  by  eye©  However,  it  was  reasonable  to  assume  that 
mathematical  curves  fitted  bo  the  accuracy  data  would  not  essentially 
^hinge~~thO  I’hSpO  tne^curWi  Tner^fWe7“it  “woTald”app's-aT  -t-o- -be^^ 
ible  to.  set  vision  standards  using  only  one.  set  of  curves,  with  the 
knowledge  that  a decrease  in  performance  on  the  criterion  on  which 
the  curve  was  developed  would  be  accompanied  by  a similar  decrease 
in  the  performance  on  the  other  criterion©  Because  of  the  high 
correlation  between  the  two  sets  of  cur'Wcs  the  interpretation  was 
based  on  time  curves  alone,  as  the  time  score  was  shown,  to  be  the 


mope  peliabiJLB.  of  the  two  mea-su-res  of  perf prffiahce <, 

In  interr  .'etatihg  the  curYeh  it  must  be  stated  that  perf opman^ce 
on  the  criterion  should  hdt  be  cdmp.are.Q  from  one  dial  to^  ane-th%r« 

The  curve  developed  for  each  dial  was,  a means  of  representing  the 
relationship  between  hear  visual  acuity  and  performance  on  that  dials 
The  best  performance  to  be  expected  on  any  one  dial  was  that  at  so 
called  normal^,  or  ^20'  visual  acuity  (Armed  Forces  Vasiqn  Tester  score 
of  9)o  Therefore^  in  evaluating  performance  on  a dial,  performance 
on  the  successively  lower  levels  of  visual  acuity  should  be  comparea 
with  that  at  20/20  vision  on  that  dialo  Using  this  procedure,  an 

-^4.^  the-  aoc-K-^TURnt  in  DerxormahcB  from  that  of  20/20  acuity 

due  to  lower  visual  acuity,  can  be  made  for  each  dialo  On  this  basxs 
visual  standards  could  be  set  for  each  dial  based  on  minimum  acxWtabl.e 
standards  of  performance  as  determined  by  operating  procedureso 

It  must  be  stated  that  standards  set  oh  the  curves  developed  in 
this  study  cannot  be  generalized  to  other  dials  or  to  other- vlsun.^L 
tasks o These  curves  can  be  safely  used  only  to  set  standards  on  the 
jobs  involved,  if  the  jobs  are  performed  under  the  same  ccnditions 
as  the  experiment b —However-,  msthcdclcgically  the  curves  developed 
assume  considerable  impcrtah-G6  as  a basis  for  setting  visual  stand- 
ards© 

Discussion  of  Results 

Methodological  Implications©  The  methodology  evaluated  in  this 
study  represented  one  approach  to  the  problem  of  establishing  visual 
standards©  This  approach  differed  from  the  methods  in  general  use 
in  the  military  services  and  i.n  industryo  Two  aspects  of  this 
methodology  radi-cally  departed  from  methodologies  heretofore  usedg 


(l)  trh0>  rise  of  a rigidly  selected,,  highly  motjvated  group  of  subjects, 
and  <2)  artificially  altering  the  vision  of  the  subjects  so  that  the 
job  performance  of  the  same  subjects  a.t  various  levels  of  visual 
e jpf i-ciency  was  measuredo  Of  less‘  but  perhaps  still  of  considerable 
importance  to  the  problem  of  methodology  of  setting  visual  standards 
was  the  use  of  crossed  cylinders  to  produce  the  artificial  range  Orf 
vision  and  the  use  of  a job-sample  test  to  measure  job  performance o 
If  the  assumption  were  valid,  that  subjects  in  which  low  levels 
of  ■visual  ae--uity  prod-u-cel  a-rti,f icially  by  c.r,paeed  cylinder  lenses 

M— „ JL  t.  _ _ ^ Jl.  ^ » 4 A. a a.-M-Vs  ^ .O  W.Vl 

woiixcl  perrorm  xn*  aam©  vx’  xii  <i  oxiuxxc^ji  »»  ^ .1^ 

normally  possess  that  low  level  of  visual  acuity  when  all  other  fac- 
tors are  held  constant,  the  methodological  implications  of  this 
approach  assume  great  importance*  For  if  this  assumption  is  correct, 
an  expe-rimeht  in  which  extraneous  factors  are  held  constant,  or  at 
least  controlled,  can  be  used  to  determine  the  relationship  between 
visiCh  and  job  performance  over  the  entire  range  of  visioho  This 
should  have  tho  effect  of  eliminating  sources  of  error  from  experi- 
mental results  and  provide  a more  Scientific  basis. upon  which  visual 
standards  can  be  determined*  In  addition,  the  problem  of  obtaining 
subjects  with  certain  visual  characteristics  is  solved  by  the  use  of 
crossed  cylinders* 

Or  greaT;  imporx;a^ncs  xs  xat?-*::  uui  vco  wux^^n  va'oo- 

cribed  the  relationship  between  the  level  of  near  point  visual  acuity 
and  job  performance  on  the  two  criteria  of  performance  were  developed 
for  each  of  the  ten  dials*  If  either,  or  both  criteria,  time  and 
accuracy,  are  valid  measures  of  performance  on  this  type  cf  task, 
it  can  be  inferred  that  curves,  developed  from  experimental  evidence 


and  lia.se.d.  on  one  p^iterion  of  perforffiance  can  be  used  tp  se^t  visual 
i3vtanda.rds«  This  means  that  a aarles  of  short  experiments conducted 
on  a number  of  critical  visual  tasks,  would  result  in  a set  of  curves 
from  which  visual  standards  for  a large  number  of  jobs  could  be  easily 


and  quickly  establishedo 

It  is  of  interest  to  note  that  one  mathematical  function  adeq- 
uately described  the  data  collected  bri  ten  different  dials o.  No 
conclusions  are  possible  from  this  phenomenon  but  the  writer  suggests 
the  possibility  that  mathematical  functions  might  be  developed  to 
describe'  the  relationship  between  the  various  visual  functions  and 
given  types  of  visual  tasks.*  The  methodological  implications  of  sucn 
a possibility  assume  considerable  importance o However j the  writer 
wishes  to  reiterate  such  a possibility  is  mere  speculation,  and 
evidence  necessary  to  warrant  a conclusion  concerning  this  possibility 
is  outsid®  the  realm  of  this  study® 


Possible  Visual  Standards®  On  the  basis  of  the  results  of  this 
study  it  was  felt  that  certain  conclusions  concerning  possible  vision 
standards  could  be  drawn®  The  results  showed  conclusively  that  visiouj 
and  more  specifically,  that  near  point  visual  acuity  is  related  to 
ne-rf.ormance  Oh  the  dial  reading  tasks  contained  in  the  job-^sample  test 

. -V--  - . 

used  in  this  experiment®  If  the  assumptions  under  -tThich  the  study 
was  conducted  were  tenable,  expected  performance  on  a certain  dial 
at  a given  level  of  visual  acuity  could  be  predicted  from  the  time 
performance  curves  developed®  As  it  has  been  demonstrated  that  with 
each  increase  in  visual  acuity  score  there  was  an  increase  in  per- 
formance, a minimum  standard  of  performance  set  by  the  Navy  on  either 


of  the  two  criteria  evaluated  could  be  located  on  the  curve  and 
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syfejssts  whose  visual  acuity  is  at  that  point?  pp  higher,  could,  be 
expected  to  perform  adequately  the  visual  aspects  of  the  tasko 

LimitAi i-dh s of  Re-sult s o In  eval.uat.ing  the  results  dr  this  study, 
there  are  a number  of  limiting  conditions  which  must  be’  taken  into 
account  before  the  results  can  be  used  to  set  visual  standardsr 

Criteriao  The  criteria  of  performance  that  were  used  in  this 
study  Were  (1)  time  to  read  a dial,  and  (2)  acpuracy  of  th©  reading 
given©  On  a logical  basis  these  criteria  appear  to  be  the  best  criteria 
available  for  evaluating  performance  dri  a job  of  the  type  used©  No 
attempt  was  made  to  combine  these  criteria  into  a single  criterion? 
although  oh  the  ba-ais  of  the  performance  curves  developed  it  was  dem- 
onStrated  the.y  are  highly  correlated©  Therefore,  if  either  or  both 
of  these  criteria  can  be  used,  t.p  measure  job  success,  the  results  would 
appear  to  be  valid©  The  final  judgment  as  to  the  validity  of  the 
criteria  would  appear  to  rest  with  naval  officials  responsible  for 
the  success  dr  failure  of  the  Navy  under  battle  conditions©  The  writer 
wishes  to  reiterate  that  the  results  can  be  valid  only  insofar  as  the 
criteria  of  performance  were  valid© 

Dials©  The  results  of  this  study  can  be  generalized  only  insofar 
as  the  difficulty  level  of  the  dials  used  can  be  equated  to  other 
dials©  This  means  that  the  factors  of  level  and  kind  of  illumination, 
brightness  contrast,  size  and  type  of  dial  markings,  frequency  of  ^ 
response,  whether  t-he  dial  is  moving  or  stationary,,  distance  and  angle 
from  which  the  dial  is  read  and  perhaps  other  factors  must  be  equated 
before  these  results  can  be  generaliz.ed  for  the  purpose  of  setting 
vl  5 u a 1 st  an  d a r d s © 

Sub .1  e ct 3 o Seldom^  if  ever,  in  the  actual  work  situation  will 
subjects  comparable  to  those  used  in  this  study  be  available©  I't 
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.woail.d  aippa.ar  s.af©  "to  assume  that  the  level  of  liitelliigence  and 
mbtivatibn  of  the  experimental  group  were  much  higher  than  that  which 
would  be  encountered  in  the  work  situation o Icgically  it  would  appear 
these  factors  would  Enhance  job  performance  © However,  it  would  also 
appear  reasonable  to  assume  that  long  experiehco  in  the  work  situation 
would  tend  to  offset  these  advantages  of  the  experimental  group© 

However^  these  resulth  can  be  used  to  set  vision,  standards  only  in~ 
sofar  as  the  performance  of  the  experimental  group  can  be  considered 
typical  to  that  of  Operators  who  normally  perform  on  the  battle- 
stations  studied© 

Altered  Vision©  The  basic  assumption  that  subjects  with  altered 
vision  will  perform  the  same  as,  or  similar  to,  subjects  with  the 
same  vision  normally,  must  be  tenable  if  results  obtained  by  the 
methods  used  are  to  be  generalized*  As  stated  before,  the  subject 
who  normally  has  a low  level  of  visual  acuity  might  be  able  to  use 
certain  visual  cues  more  efficiently  because  of  long  practice  with  poor 
vision©  However;  discussion  concerning  this  problem  between  Dr©  Henry 
Imus  and  Dr©  Glen  Fry  of  the  Armed  Forces  Vision  Committee  and  the 
research  staff  at  Purdue  University  resulted  in  the  conclusion  that 
standards  set  on  the  basis  of  experimental  evidence  obtained  on  sub- 
jects with  altered  vision  should  approximate  standards  set  on  subjects 
normally  having  visual  deficiencies©  Furthermore^  any  error  due  to 
altered  vision  should  result  in  more  stringent  st&hdafds  which  would  be 
an  error  in  a safe  and,  in  most  instances,  desirable  direction© 

Experimental  Conditions©  The  conditions  of  the  experiment  limit 
the  degree,  to  which  generalization  of  the  results  can  be  made©  The 
' j«;^^g.aKple  test  was  illuminated  by  daylight  illumination  and  over- 
head lighting©  Therefore,  the  illumination  on  the  Job-sample  test 


varied  s diu  e «'  h £-t- 


uU>i  was  never  lower  th^an  20’  f.oo’t  candle  So 


Howeve? , 


if  the  iliuminatipn  had  been  io-wbi?  than..,  or  a good  deal  higher  than 


20  footcandles,  the  results!  Eight  have  been  different o Further 


experimentation  designed  to  answer  this  question  is  re commended o 

Also  the  distance  at  which  the  subjects  were  tested  was  that  of 
the  normal  working  positionc  The  results  of  the  experiment  may  have 
been  different  if  the  distance  of  the  subjects  from  the  visual  task 
had  been  different o Further  e-xperimehtation  designed  to  solve  thio 
problem  is  indicatedo 

In  addition  tO;  the  above  conditions,  generalization  of  the 
results  is  limited  by  one  other  conditiono  In  the  job-sample  test 
it  was  hecessary  to  use  stationary  dials  as  test  targetso  In  the 
work  situation  many  dials  are  read  while  movingc  Therefore,  it  would 
seem  plausible  t©  expect  a difference  in  performance  with  the  addition 
of  this  factoro  A repetition  of  this  or  a similar  experiment  com- 
paring performance  on  moving  and  stationary  dials  is  recommended  in 
order  to  determine  the  effect  of  this  factor  upon  performance o If  a 
difference  in  performance  is  found,  separate  curves  would  have  to  be 

developed  for  the  moving  dials® 

Conclusions 

On  the  basis  of  the  evidence  presented,  certain  conclusions 
concerning  the  methodological  approach  used  in  this  study  to  determine 

vision  standards  appear  warranted^ 

lo  The  relationship  between  vision  and  performance  on  a reliable 
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curves,  representing 
visual  functions  and 
■various  visual  tasks 
rapidly  and  easily  e 
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job-performance  can  be  developed  for 
, from  which  visual  standards  can  be 


stablishedo 
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""  br;:s;  S^ring'The  ;*te^t,Trw,hich  p;r:fo™an0.>«l.ves 
developed  for  a given  visAial  task  can  be  generaILlzed» 

(a)  Would  tile  results  have  Been  the  same  und«r  all  levels 

_ . . ,6.-f  .illiU-m  1 na-t -1.0-n.?  

(b) .  Would  tb©  results  have  been  the  same  at  different  dis- 

tan'oe-s  from  tb©'  V'is-U'al  ta'S'k!? 

Qn  tbe  basis  of  the  experimental  evidence  further  conclusions 

concerning  the  job-sample  test  used  in  this  study  appear  vrarranted; 

1»  The  reliability  of  the  job -sample  test  oh  the  time  criterios 
— wae -s€— su^icdent  magrritud© -to  warrant  conelusions  or.  ««©  «as^s 
of  reeuits  obtained  fhoin  its  useo 

2o  l^d-rformance  on  the  dial  reading  tasks  used  in  this  study  was 
re'latea  to  near  point  visual  aouity  as  measured  by  the  rme 
Forcee  vision  Test era 


:>o 


i=.=  an.  i%n  a.+.  n.n  rt.a..T%rt:a  fO:r  fOUr 

i'm'er-'ence.s  can  oe  Orrawh-  - -r- 

navy  battle  station  assignments© 


PHASE  IV 


Purposes  The  research  conducted  in  rhaae  iv  wa» 
signed  to  extend  the  research  conducted  in  Phase  III©  The  research  wa: 
conducted  to  investigate  two  of  the  questions  limit in£  generalization 

of  the  results  of  Phase  III© 

The  two  major  purposes  Of  this  study  wereg 

(1)  To  determine  the  effect  of  illumination  bn  the  relatibh- 


-ship  between  art ificialljr  altoxed 
on  a job-sample  test© 


y ^ o O..W&A 


stnd  p©  rm^no  © 


(2)  To  determine  the  effect  of  distance  from  the  work  on 

the  relationship  between  artificially  altered  vision  and 
performance  on  a job— sample  test© 


Generally  speaking^  if  by  redu.c.ing,  Illuminati oh-^  the  performance 


qj*  subjects-  at  all  levela  of  vision  was  reduced  unifprm^yj  it  could 


n -A  .'U---.- 


be  concluded  the  performance  curves  o^eveiopea  o;ii  rnas.e  wouaru 

t-hs.  same  sh-a-ps  a-s  pa-rfjorma-hce  ou-rveS'  resulting  from  experxmehts  con- 
ducted uhdef  ptnei*  levels  of  illumlnationo  However.,  If  the  curves  for 
different  levels  of  illumination,  were  hot  the  same  shape,  the  level  of 
illumination  would  have  to  be  carefully  considered  when  deriving  vis- 
ual standards.® 

The  same  reasoning  holds  for  the  effect  of  distance  from  the 
work  oh  the  perfprmahce  curve®  If  by  incfeasing  the  distance  from  the 
work  the  performance  of  subjects  ah  all  levels  of  vision  was  reduced 
uniformly,  then  it  could  be  concluded  the  performance'  curves  deveioped 
in  Phase  ill  wduld  be  the  same  shaoe  as  performance  curves  resulting 
from  experiments  conducted  at  different  distaSceh  from  the  visual 
task®  And  it  follows  that  if  the  curves  were  the  same  shape,  then 
the  visual  standards  derived  would  probably  be.  the  same  regardless 
dj?  the  distance  from  .the  .dials  the  experiment  had  been  conducted® 
However^  if  the  curves  obtained  at  different  distances  were  not  par- 
allel, the  effect  of  distance  from  the  job  on  performance  would  have  to 
be  carefully  considered  when  deriving  visual  standards® 

The  Jobr-Samnle-Test s A job-sample-test  of  the  same  type  used 
previously  was  developed  for  this  experiment®  The  job-sample  test  was 
deveioped  using  the  equipment  previously  used  in  Phase  I (See  page  3)« 


The  apparatus  was  mounted  in  a vertical  position  on  a table®  Only  one 
dial  was  used  and  it  was  44  inches  above  the  floor,  which  placed  it 
directly  in  the  line  of  sight  of  a subject  seated  on  a test  chair® 

The  visual  task  consisted  of  two  concentric  dials,  one  within  the  other 
The  subjects*  task  was  to  read  the  value  on  the  outer  dial  that  was 
indicated  by  a pointer  on  the  inner  dial®  The  pointer  was  always  set 
on  the  markings  on  the  dial® 
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shielded  it  from  the  subjects*  viewo  Directly  in>  front  of  the  ap- 
propriate dial.y,  and  on  a line  with  the  subj^apts*  vision ^ a spring 
actuated  shutter  was  installed  in  the  panei-o  The  shuttejr  was  6** 
wide  by  5"  high  and  when  opened  presented  the  subject  a view  of  the 
complete  diale  The  shutter  was,  opened  from  a remote  posit  ion  by 
depressing  a key  which  actuated  ah  electro-^magnetic  catch  which  in 
turn  allowed  a spring  to  open  the  shutter^  The  subject  would  then 
report  the  reading  on  the  dial*  The  shutter  was  closed  manuaixyj  the 
dial  re set j and  the  cycle  was  repeatedo 

The  surface  of  the  dial  was  illuminated  by  six  ineandesceht  bulbs 

placed  between  the  panel  and  the  equipment* 

The  five  levels  o-f  illumination  were  obtained  by  lighting  the 
appropriate  bulb,  or  bulbs*  Both  the  brightness  of  the  dial  and  the 
ill'uminatinon  on  the  dial  were  measured  using  the  MacBeth  Illuminometer « 
Brightness  refers  to  the  amount  of  light  reflected  from  the  dial  to 
the  subject-,  and  illumination  refers  to  the  amount/  of  light  falling 
on  the  dial  from  the  source-*  Since  the  dial  was  hot  of  uniform 
brightness,  four  readings  were  taken  and  averaged  as  representing  the 
brightness  value*  The  readings  were  taken  in  the  top,  bottom,  left, 
and  right  -P-Q.r.t.i.an.  pfL  .the^  diah  . and  then  ayera^^^^  an  approxi- 

mate value*  The  uneven  brightness  probably  caused  some  settings  to  be 
easier  to  read  than  othersg  however,  the  settings  were  chosen  by  random 
numbers  and  all  subjects  had  an  equal  opportunity  to  perform  on  all 
portions  of  the  dial*  Table  11  gives  the  approximate  values  of  the 
illuminatibh  and  brightness  of  the  dial  for  the  five  levels  of  illumi-= 
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lilumination  and  Brightness  of  dial  values  in  foot 
can(^les  under  five  experiniental  cpndition-S'5' 


Ssper i me n t al 
Condition^ 
1 
2 

3 

4 

5 


Level  Of 
I Hum  i n at  i 6 n 
563c 89"“ 
10 5 6 26 
3^4c89 
15ol3 
0o29 


Brightness 
Of  Dial 
78o75 
8 e 90 
3 o2'4 

lo60 

0o03 


* Because  of  the  unreliability  of  the  mea-suring  instrument, 
these  values  are  the  average  of  three  measurementso  These 
averages  should  closely  approximate  the  true  values 


The  tiiree  distances  used  in  the  experiment  were  12”,  20",  and 
3=0"  from  the  dial  to  the  subjects*  eyes.o  These  distances  were  held 
constant  by  means  of  a chin  rest  attached  to  hhe  experimental  chair  on 
which  the  subject  was  seatedo  In  order  to  orbtain  a desired  distance, 
the  ©xperimenter  could  move  the  chair  in  relation  to  the  dial  and  fix 


it  at  any  of  the  three  distances  by  means  of  a wooden  jig  placed  on  the 
flooro  This  allowed  the  distance  to  be  changed  accurately  and  quickly,, 


Two  experimenters  were  required  to  operate  the  apparatuso  The 
duties  of  the  experimenter  (E-l)  were  to  (l)  give  the  subject  oral 
instructions,  (2)  administer  practice  runs,  (3)  manually  eloso  the 
shutter,  and  (4)  set  the  dial  at  the  appropriate  readings = The 
duties  of  the  other  experiment-er  (E-2)  were  to  (l)  give  the  command 

- +,Q  the  -su-b,. j e-ct  an.d_  then'_^de-p.re_s.s_^jth®_J?6.3[^_l?hidh^  qpejcsd 

shutter,  (2)  time  the  subject  with  a stop  watch  from  the  time  the  key 
was  depressed  until  the  subject  responded^  (3)  record  the  tir.e,  and 
(4)  record  the  responseo  Assuming  the  subject  was  ready  to  be  tested 
and  the  levels  o-f  illumination  and  distance  were  appropriate,  the 
sequence  of  operation  was  as  follows?  (l)  with  the  shutter  closed 
E“*l  set  the  dials  at  the  appropriate  setting,  v.2;  E— ^ gave  the 
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command  ^2"eady”,j,  then  depressed  the  key  which  opened  the  shutter  and 
started  a stop  watch«  :(4)  E~1  closed  the  shutter  while  E-2  recorded 
the  time  aha  the  reepOn^se^.  (-5)  set  the  dia-Ls  at  the  appropriate 


read^Tig  and  th«  entire  cycle  was  repeated 

If  the  subject  could  not  respond  to  a setting  after  5‘O/lQ^^he 
of  a.  minute,  the  shutter  was  Closed  and  E-2  recorded  a time  of 
50,/lOOths  of  a minute  and  ?»no  response”  for  the  reading  which  was 
scored  as  an  error o Ten  replications  made  up  a cello  A new  set 
of  conditions  would  then  be  established,  and  ten  readings  taken  under 
these  conditions,  etco 

Criteria  cf  Performance o The  two  measures  of  performance,  time 
and  acc^uracy,  that  were  used  in  Phases  I,  II#  ahd  III  were  also  used 
in  this  experiment o (See  page  4)0 


Methods  of  Procedure 

Subiectso  The  ten  sxTbi^cts  used  in  Phase  III  were  used  in  this 
experimento  The.  spectacles  worn  by  the  subjects  during  Phase  III 
were  also  worn  during  this  experimento  (See  page  Ig#) 

Method  of  altering  Visiono  Vision  was  altered  in  this  experi- 
ment in  the  same  manner  as  Phase  III*.  Five  levels  of  altered  vision 
were  obtained  using  crossed  cylinder  clip-on  lenseso  (See  page  20^® 
Design  erf  the  Sxosrdment.„  The  experiment  was  <1® signed  and  con* 
ducted  so  that  the  results  could  be  analyzed  by  means  of  analysis  of 
variance  using  a factorial  design®  There  were  10  subjects,  5 levels 
of  illumination,  3 distances,  and  5 levels  of  vision  which  gave  a 
total  e-f  750  G-allse  There  were  10  readings  in  each  cello  Each  subject 
performed  on  all  combinations  of  vision.,  illumination,  and  distance© 

A test  period  for  a subject  consisted  of  performing  on  the  five 


levels  of  illuminatieri  and.  t.h.re..e  distariCes  at  a gxven  level  of 
lone  Thusj,  during  a test  period,  the  data  for  15  cells  were  obtained 
a*  one  level  of  visiono  It  took  5 test  periods  lieSo  performance  at 
5 levels  of  vision)  for  a subject  to  complete  the  experiment o The 
order  of  the  levels  of  vision  was  chosen  from  a table  of  random 
squares  in  Fisher  and  Yates  (10),  .and  is  contained  in  Appendix  Go 

Within  a given  subjects^  «by  levels  of  vision"  classification^ 
there  were  fifteen  cells  composed  of  5 levels  of  illumination  and  3 

fi  4 Q.Vi  A 


distances  which  wane  randomly  orderedo  This  was  aeeomplisi 
making  up  a dfeck  of  15  cards  with  each  card  representing  one  of  the 
possible  combinations  of  5 levels  of  illumination  and  3 distances 
or,  in  other  words,  each  card  represented  one  of  the  fifteen  cells » 
This  dec-k  was  shuffled  thoroughly  and  the  fifteen  cards  were  dealt 
in  sequence  to  determine  the  order  of  performance  on  the  fifteen 
cells o This  was  repeated  for  each  of  the  50  combinations  of  10 

subjects  and  5 levels  of  visione 

The  settings  for  the  dial  were  chosen  from  a table  of  random 

numbers;  only  even  numbers  were  choseno  A total  of  15,000  readings 
.was  necessary;  7,500  were  used  as  the  actual  setting  to  which  the 
inner  dial  pointed  and  the  other  7,500  were  used  as  a setting  read 
w the._ex:Dexim«)ite.r  it  the  outer  dial  under  the  hairline o 
This  served  to  randomly  position  the  outer  dial  and  prevent  the  sub- 
ject from  establishing  a frame  of  reference  about  the  inner  dialo 

Ar^mduiStration  of  the  Experim^tj.  The  following  describes  the 
operation  of  the  experiment  in  terms  of  the  chr-dnologicai  actxvities 

of  a subjecto 

(1)  The  subject  entered  the  tent  room  and  was  given  his 

glasses  and  the  appropriate  clip-on  lenses  for  his  test 
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periods  If  this  was  the  suBjectts  rirst  test  period ^ he 
was  givan  an  introdiictbry  %-alk  exp:»  ^'ining  the^ 

All  subjects  had  participated  in  Phase  XU  where  they 
performed  similar  tasks® 

(2)  The  subject’s  vision  was  measured  on  the  Armed  Forcea 

Vision  Tester  and  the  Bausch  and  Lomb  Orthoratero  Vision 
was  measured  ph  both  instruments  according  to  the 
pre  scribed  methods  and  procedure  a®  (32^33  ) 

(3\  The  subject  was  seated  in  the  test  chair  at  the  appropriate 
distance  and  with  the  appropriate  level  of  Illumination 
on  the  dialo  If  this  was  the  subject’s  first  test 
periods  he  was  given  an  extensive  traini  ,g  period  on 
reading  the  dial  and  several  trial  runs  to  become  aeeustomea 
to  the  testing  procedureo  If  the  subject  had  participated 
previously j,  he  was  given  a few  trial  rdhs  to  become 
accustomed  to  the  conditionso 

(4)  The  sequence  of  ten  presentations  was  completed  for  that 
set  of  conditions o 

(5)  The  chair  was  moved  and  the  illumination  level  was  changed 
for  the  nejct  set  of  conditions© 

(6)  The  subject  was  given  a few  warm  up  trials  to  get  adjusted 
to  the  different  level  of  illumination  and  distance© 

(7)  The  sequence  of  ten  readings  was  completed  for  this  set 
of  readings© 

(8)  This  operation  was  continued  until  the  sequence  of  ten 
readings  for  all  combinations  of  distance  and  illumination 
for  a given  visual  level  had  been  administeredo  This  gave 
a total  of  fifteen  cells  (5  levels  of  illumination  x 3 
distances)  to  be  administered  at  one  level  of  vision  which 
took  about  an  hour  and  twenty  minutes.©  Generally  speakings 
the  subject  had  a day  of  rest  between  performance  on  each 
visual  ieve.l  .group  of  fifteen  cells© 


Analysis  Bats, - - - - 

Reliabilityg  The  pirpose  of  this  step  was  to  investigate  the 
nature^  of  the  test  itself  and  determine  if  it  was  a reliable  estimate 
of  job  performance©  The  reliability  of  the  time  criterion  was  cal^ 
culated  by  correlating  the  time  scores  on  the  odd  replications  with 
the  time  scores  oh  the  even  replications  within  a ceil©  The  obtained 
reliability  was  stepped  up  by  using  the  Spearman-Brown  Prophecy 
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formula  di)®  r&±iaDii-iuy  or  t>iio  uj.mo  v;^ « — -^--r 

The  reliability  of  the  accuracy  criterion  waa^  a#tisiste-d  in  the  sa^e 

way  a:3,  t^he  time  criterion  by  correlating  the  performance  on  the  odd 
replicati-ous.  with  the  performance  on  the  even  rsplica^^^^^  within  each 
cello  If  the  response  was  correct,  it  was  ass^ighsd  a score  6f  Is  if 
the  response  was  incorrect,  it  was  assigned  a score  of  Oo  The  stepped- 
up  reliability  using  the  Spearman-Brown  Prophecy  formula  was  o-8:5<» 
Analysis  of  Variance « Time  Criterion^  The  purpose  of  this  step 
^^•as  to  dotcrmihe  if  subjectSs  levels  of  vision,  distance,  and/or 
illumination  significantly  affected  performance  as  measured  by  the 
time  criteriono  The  nature  of  the  interactions  were  also  of  impor- 
tance since,  they  were  an  indication  of  whether  or  not  the  curves 
were  the  same  shape o 

Before  the  analysis  of  variance  could  be  performed  it  was  necessary 
to  analyze  the  data  in  order  to  determine  if  the  assumption  of  homo- 
geniety  of  variance  could  be  mete  The  cell  means  were  plotted  again-^- 
st  cell  variances  and  on  the  basis  of  visual  inspection  a marked 
relationship  seemed  to  exist©  Bartlett*s  Test  (7,  pol98)  for 
homogeniety  of  variance  was  made  on  the  raw  data  and  on  tbe  basis 
of  this  test,  the  hypothesis  of  homogeniety  was  rejectedo  This 
indicated  that  the  raw  data  would  have  to  be  transformed  to  another 
src  are  ”b  efl)  r e ^h^  a¥s\m  of  ’ an  a lysis  of  “ Wr  i ari  ee  e ouid  be  ms  to 

Several  transformations  were  made,  but  the  assumption  pould 
not  be  completely  met  by  any  of  them©  The  log  log  transformation 
most  nearly  met  the  assumption  and  was  used  in  the  analysis©  A 
description  of  the  transformations  and  the  Bartlett  tests  is  in 
Appendix  D©  The  result  of  falling  to  meet  all  of  the  assumptions 


was  to  overestimate  the  level  of  aignif  16'aaoe^  (3  jl7)o  Po-T 

this  reason  the  \%  level  of  signifioanoe  should  -perhaps,  be  o.onsislered 

as  being  significant  -at  the  5?  level  as  a conservative  estimate. 

tnalvsls  SS.  variance.  Accur^  criteri^^  The  purpose  of  this 
step  uas  to  determine  if  subjects:,  levels  of  vision,  distance, 
and/or  illumination  significantly  affected  performance,  as  measured 
by  the  error  criterion.  The  nature  of  the  interactions  were  also 
of  import-an.ce  since  they  gave  an  indication  of  whether  or  not  the 

perf ormance  curves  were  the  samo  shape o 

In  this  analysis  there  was  only  one  score  per  cell  which  was 
the  proportion  of  the  10  responees  which  was  correct.  It  was 
necessary  to  convert  this  pro,portion  by  an  are  sine  transformation 
/'lo  92)  - in  order  t-o  perform  an  analysis  of  varianceo 

novel onment  of  Performance  Curvesc,  The  purpose  of  this  step 
was  to  describe  the  relationship  between  performance  and  vision 
under  the  various  levels  of  illumination  and  distances.  The  fact 
that  some  kind  of  relationship  existed  had  been  established  previ- 
ously in  the  analysis  of  variance.  These  curves,  representing  the 
relationship  between  performance  and  near  point  acuity  as  measured 
by  the  Armed  Forces  Vision  Tester,  would  provide  a means  of  estab- 

..  - .3.....t..ao.H.a.rde_for_jth.e  JliLinvolved.  As  st^^  

XlLSJUXUg  

one  of  the  major  purposes  of  this  study  was  to  determine  the  nature  of 
the  relationship  between  these  curves,  particularly  as  to  whether  or 
net  the  curves  were  the  same  shape.  The  measure  of  vision  used  in 

developing  the  performance  curves  was  the  same  as  used  previously  in 
Phase  ms  best  eye,  near  acuity  score  on  the  Armed  Forces  Vision 
Tester  (See  page  S5).  Further  the  procedures  followed  for  fitting  the 
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viiiTves  Were  tfie  same  a-a  — r -j--^  - - _ - 

Fifteen  entves  were  developed  for  each  meaeure  of  performance j one 
for  each  of  the  15  combinations  of  3 distancee  and  5 levels  of 
tllumina'-feiono 

Results 

The  analysis  of  variance  of  the  time  scores  is  showri  in  Table 
12,0  The  significance  levels  should  be  interpreted  >rith  care  since 
all  of  the  assumptions  of  analysis  of  variance  could  not  be  meto 


TABLE  12 

Analysis  of  Variance  of  Time  Scores 


Source  _ 

df 

Sum  .of_.Sg.-a  a. 

s Mean  Sq.'dare 

Subjects 

9 

7o5‘822 

Oo8425 

1560 02* 

Levels  of  Vision 

k 

27o8834 

60 9708 

4.9  0 16* 

Distance 

2 

13p2851 

-6-o~6'426 

2,65o?0->^ 

Illumination 

k 

7 0 719.4 

1o9-298 

119o86«- 

Sub.o  X Levo  of  Vo 

36 

5 0 10  56 

O0I418- 

2bo2b^^ 

Subo  X Disto 

16 

■Oo45<^'i 

O0O25O 

4o63« 

Sxrbo  X Illumo 

36 

0o5807 

O0OI6I 

2o98* 

Levels  x Disto 

8 

606278 

0o8285 

50o83^ 

Level'S  x Illumo 

16 

3 0 02 82 

O0I893 

160 90* 

Disto  X Illum.o 

8 

I0O544 

O0I3I8 

11 0-9  8* 

iSube  X Lev  0 of  Vo 

0 rt  'i 

g.,aX>2* 

X Distance 

±.  0 -i-  i 

Subo  X Levo  of  Vo 
X Illumination 

144 

I06I8O 

O0OII2 

2o07* 

Subo  X pi stance 
X Illumination 

72 

0o79l2 

OoOllO 

2o04* 

Subo  X Levo  of  Vo 
X Distr  X Illumo 

288 

3o5323 

O0OI22 

2o26* 

Levo  X Distance 
X Illumination 
Within  Cells 
TOTAL 

32 

6750 

7499 

0o9448 

3602504 

117o'6276 

O.0O295 

O0OO54 

■^Significant 

2o42* 
beyond  1^  lev 
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The  analysis  of  variance  o.f  the  acc^uracy  r.cores  is  shown  in  Table  13o 

TABLE  13 

Analysis  of  Variance  of  Accuracy  Scorres 


Source  _ 

df 

Sum  of  Squares 

Mean  Square , 

F-ratio 

Subjects 

9 

ilpl77o1^9 

L,  241c 92 

IO0I3* 

Levels  of  Vision 

■4 

68, 523d 92 

17, 130.098 

47o74^ 

Distance 

5 9, 9^0  6 /k4 

29, 9 70© 2 2 

12-5  6 99--^ 

Illumination 

4 

14»417o81 

3,604c45 

3 5 0 6 6^*- 

Subo  X Levo  of  Vo 

36 

12,917o65 

358o82 

2o93* 

Subo  X Distance 

18 

4, 2.81  o 79 

23 7 o 88 

lo94** 

Subo  X Illumination  36 

3, 63 8 o 90 

lOloOS 

0o82 

Lev©  of  Vd  X Dist 

o 8 

2 8, 168 o 91 

3, 52 loll 

2 5-o20-J'r 

LeVo  of  Vo  X Illunio  16 

10,809o39 

675c59 

5c72* 

Disto  X Ilium© 

'8 

6,643oOO 

830-0  3=8 

Subo  X Levo  of  V© 
X Distance 

^ 72 

10,058o31 

139«70 

I0I4 

Subo  X Levo  of  Vo 
X liluminatioii 

144 

17 » 005 o 16 

II80O9 

0o96 

Subo  X Distance 
X Illumination 

72 

ll»133o30 

154o63 

lo26 

Levo  of  Vo  X Dist 
X Illumin  a t i on 

o 

32 

75402o72 

231o34 

I0-89* 

Subo  X Levo  of  Vs 
X Disto  X Illumo 

288 

3 5, 304 e 73 

122o59 

7^9 

Jo1,423o3:2  " 

* Significant  beyond  1%  level 

**  Significant  beyond  5%  level 


Curves  shipwiug  the  relationship  between  job  performance  and 
near  visual  acuity  are  contained  in  FigUTSs  3 through  ISo  Fxgures 
3»  5»  6 and  7 show  the  relationship  between,  time  performance  and 

near  visual  acuity  for  all  distances  at  each  level  of  illuminatiou® 
Figures  8,  9^  and  10  show  the  same  relationship  for  all  levels  of 
illuminat-ion  ai,  each  di  s-t an-ce=d  Figure's-  ll.y  12.^  13 , 14  and-  l.§  show 
the  relationship  between  between  accuracy  of  perf orSaanice  and  hear 
visual  acuity  for  all  distances  at  each  level  of  illuminat ion© 


Figures  16,  17,  and  18  show  the  same  relationship  for  all  levels  of 
illumination  at  each  distance© 

Analyses  of  Variance©  The  results,  of  the  analysis  of  variance 
of  the  time  criterion  showed  that  all  main  effects  and  all  interac- 
tions were  significant  at  better  than  the  1%  level  of  confidence© 
TaRing  intjo.  consideration  the  fact  that  the  assumption  of  homogeniety 
of  variance  was  not  met,  the  F-=rat4os  still  appear  considerably  large 
than  those  required  if  the  assumptions  had  been  met© 
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FIG,3  , COMPARISON  OF  RELATIONSHIP  BETWEEN 
TIME  PERFORMANCE  AND  BEST  EYE  NEAR  VISUAL 
ACUITY  SCORE  ON  ARMED  FORCES  VISION  TESTER 
FOR  ALL  DISTANCES  AT  ILLUMINATION  LEVEL  1. 
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FIG.  4 . COMPARISON  OF  RELATIONSHIP  BETWEEN 
TIME  PERFORMANCE  AND  BEST  EYE  NEAR  VISUAL 
ACUITY  SCORE  ON  ARMED  FOFXES  VISION  TESTER 
FOR  ALL  DISTANCES  AT  ILLUMINATION  LEVEL  2. 
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FIG,  5 . C01.IPARIS0N  OF  RELATIONSHIP  BETWEEN 
TIME  PERFORMANCE  AND  BEST  EYE  NEAR  VISUAL 
A V c/'-oiss'.  ARMED  EQRCE.S  VISION  TESTER 
for  all  distances  at  illumination  level  3. 
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FIG, 6 , COMPARISON  OF  RELATIONSHIP  BETWEEN 
TIME  PERFORMANCE  AND  BEST  EYE  NEAR  VISUAL 
ACUITY  SCORE  ON  ARMED  FORCES  VISION  TESTER 
FOR  ALL  DISTANCES  AT  ILLUMINATION  LEVEL  4, 
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FIG.  8 « COMPARISON  OF 
TIME  PERFORMANCE  AND  BES' 
ACUITY  SCORE  GN  ARMED  FOR 
ALL.  levels  Of  ILLUMINATiOI 
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FIG,  9 , COMPARISON  OF  RELATIONSHIP  BETWEEN 
TIME  PERFORMANCE  AND  BEST  EYE  NEAR  VISUAL 
ACUITY  SCORE  ON  ARMED  FORCES  VISION  TESTER  FOR 
ALL  LEVELS  OF  ILLUMINATION  AT  DISTANCE  2. 
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FIG.  10.  COMPARISON  OF  RELATIONSHIP  BETWEEN 
TIME  HJRFORMANCE  AND  BEST  EYE  NEAR  VISUAL  ACUITY 
SCORE  ON  ARMED  FORCES  VISION  TESTER  FOR  ALL 
LEVELS  OF  ILLUMINATION  AT  DISTANCE  3« 
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FIG.  11.  COMPARISON  OF  ^LATIONSHIP  BETWEEN 
PERCENT  AOS  OF  CORRECT  l^ADINGS  AND  BEST  EYE 
NEAR  VISUAL  ACUITY  SCORE  ON  ARMED  FORCES 
VISION  TESTER  FOR  ALL  DISTANCES  AT  V^  OF 
ILLUMINATION  1. 
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FIG.  1 2 . C OMP  ARISON  OF  RE  LATIONSHIP  BE  T WEE  N 

percentage  of  correct_readings  and  best  eye 

NEAR  VISUAL  ACUITY  SCOi^  ON  ARMED  FORCES 
VISION  TESTER  FOR  ALL  DISTANCES  AT  LEVEL  OF 
ILLUMINATION  2, 
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FIG.13  .i  COMPARISON  OF  RE  LATIONSHiF  BE TW'E^  W 
PERCENTAGE  OF  CORRECT  READINGS  AND  BEST  EYE 
NEAR  VISUAL  ACUITY  SCORE  ON  ARMED  FORCES 
VISION  TESTER  FOR  ALL  DISTANCES  AT  LEVEL  OF 
ILLUMINATION  3. 
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FIG,  14*  COMPARISON  OF  RELATIONSHIP  BETWEEN 
PERCENTACrE  OF  CORRECT  READINGS  AND  BEST  EYE 
WEAR  VISUAL  ACyiTY  SCORE  ON  ARMED  FORCES 
VISION  TESTER  FOR  ALL  DISTANCES  AT  L£VEL  OF 
ILLUMINATION  4. 
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FiG.i5.  COMPARISON  OF  RELATIONSHIP  BETWEEN 
PERCENTAGE  OF  CORRECT  READINGS  AND  BEST  EYE 
NEAR  VISUAL  ACUITY  SCORE  ON  ARMED  FORCES 
VISION  TESTER  FOR  ALL  DISTANCES  AT  LEVEL  OF 
ILLUMINATION 
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FlG,16^  COMPARISON  QF  RE%AT:IONSHXP  BETWEEN 
percentage  of  correct  readings  And  best  eye 
NEAR  VISUAL  ACUITY  SCORE  ON  ARMED  FORCES  VISION 
TESTER  FOR  ALL  LEVELS  OF  ILLUMINATION  AT 
DISTANCE  1. 
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FIG^  17,  CGMPARLSON  OF  RELATIONSHIP  BETWEEN 
PERCENTAGE  OF  CORRECT  READINGS  AND  BEST  EYE 

near  visual  acuity  score  on  armed  FORCES  Vision 

TESTER  FOR  ALL  LEVELS  OF  ILLUMINATION  AT 
DISTANCE  Z. 
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FIG.  1 e . COMPARISON  OF  RE  LATIONSHIP  BE  T W EE  N 
PERCENTAGE  OF  CORRECT  READINGS  AND  BEST  EYE 
NEAR  VISUAL  ACUITY  SCORE  ON  ARMED  f’GRGES  VISION 
TESTER  FOR  ALL  LEVELS  OF  ILLUMINATION  AT 
DISTANCE  3. 
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effect  of  not  ^nesting  the  assusnptlori  is  to  require  larger  F-^ratios 
than  the  tabled  value's  for  signifieshcia  it  ssO'Uid  sse-n:  safs  to 
conclude  that  these  F—ratios  are  all  significant  at  the  \%  level  of 


confidenceo  — 

The  interactions  of  illumlnatipn  and  vision,  and  distance  and 
vision,  were  of  particular  interest  since  they  were  concerned  direct- 
ly with  the  purposes  of  this  project b As  pointed  put  previously,  if 
these  interact  ions,  were  sig-nif  ic^ant  then  the  performance,  curves  would 
not  be  the.  same  shape  and  if  the  interactions  were  not  significant 
then  the  performance  curves  would  be  the  same  shapeo  These  resulus 
show  that  if  5 performance  curves  were  plotted,  one  for  each  of  the 
5 levels  of  illumination,  they  would  not  be  the  same  shape  and  that 
visual  standards  established  from  these  curves  would  be  a function  of 


i 1 X umin  ^ t i o n o 

The  same  reasoning  holds  for  the  illumination  and  distance  inter— 
actionso  The  fact  that  this  is  significant  indicates  that  the  visual 
standard’s  inferred  from  the  curve  would  be  a function  of  the  distance^ 
The  results  of  the  analysis  of  variance  of  the  accuiiacy  criterion 
show-  essentially  the  same  result-s  as  the  analysis^  of  the  time  crxter— 
ioho  This  is  to  be  expected  in  view  of  the  high  correlation  between 
the  two  measures  (r  s o85)o  The  F-fatios  of  particular  interest  are 
those  ih-volvihg  illumination-  and  dlstanjce  and  Illumination  and  vision 
interactiono  These  interactions  were  also  sighificanto  The  meaning 
of  this  is,  that  both  distance  and  iilumination  affect  visual  stahd-* 
ards  taken  from  the  performance  curves o 

Performance  Curves g The  results  of  the  performance  curves  show 
that  if  visual  standards  for  performance  on  a similar  task  under 


sdmilar  conditions  were  to  be  established,  the  best  prediction  could 
be  laadfi  by  using  the  curve  at  the  appropriate  distance  and  level  of 
iiluminationo  Because  the  difference  in  the  trend  of  perf ormahce  is 
not  the  same  a^t  different  levels  of  lilumpatibh  and  at  dif fetpesrxt 
distances,,  results  ottaineg  under  a given  i;evel  of  illumination 
and/or  at  a given  distance  cannot  be  generalized  to  other  conditions 
of  illumination  and/or  distance o 


Concluaiona 

As  stated  previo.usly  the  two  major  purposes  of  this  Study  were 

(1)  To  determine  the  effect  of  illuinination  on  the  relation'^ 
ship  between  artificially  altered  vision  and  performance 
on  a job'^s ample "*te  st  o 

(2)  To  determine  the  effect  of  distance  from  the  work  on 
the  relationship  between  artificially  altered  vision 
and  performance  on  a job-salaple-test o 


From  the  results  of  this  research  it  can  be  concluded g 

(1)  Changes  in  illumination  do  hot  change,  the  performance 
of  different  levels  of  vision  the  same  amount o 

(2)  Changes  in  distance  from  the  task  do.  not  change  the 
performance  of  different  levels  of  vision  the  same 
amount  o 
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establishing  visual 


standards  as 


developed  in  Phase  III,  the  results  of  this  study  indicate  that  both 
distance  and  illumination  must  be  taken  into  consideration  vihen  estab- 
lishing visual  standards  from  performance  curve s|  that  curves  developed 
from  job  performance  under  a given  set  of  conditions  of  illumination 
and  distance  cannot  be  used  to  set  standards  for  jobs  performed  under 


dissimilar  conditions o 

Concliisions  and  Recbminendatibns 


The  program  of  research  conducted  under  contract  N/onr -39423 
consisted  of  one  exploratory  and  three  ma^lor  experimehtso  Each  of 
the  experiments  was  designed  to  provide  information  pertinent  to  the 
basic  objective  of  the  contracto  A methodology  for  establishing 
visual  requirements  for  naval  persdnnei  was  developed  and  evaluatedd 


The  extent  to  which  results  obtained  by  the  methodoiogy  can  be 


generalized  was  invest igated© 
ual  functions  and  performance 


The  re  j-Suxonsiixp  u6'u*woen  ^ 


on  a 


j,ob>sample  test  was  determined  both 


statistically  and  graphic  ally  <> 

Gn  the  basis  of  the  evidence  ohtained  in  the  program  of  researdh 


conducted,  the  following  conclusions  appear  warranted g 

1©  The  methodology  evaluated  In  Phase  III  of  the  program  of 
research  provides  a feasible  means  of  establishing  visual 
standards©  Free-hand  Curves  fitted  to  plots  of  vision 
scores  versus  job “performance  can  be  used  to  describe  the 
relationship  between  vision  and  job-performance  © Further, 
the  problem  of  obtaining  a range  of  vision  for  certain 
visual  functions  was  solved  by  the  use  of  clip-on  crossed^- 
cylinder  lenses©  Of  further  importance  is  the  fact  that 
technicians j directed  by  a professional  psycholpgist , would 
be  able  to  apply  the  methndology  in,  the  collection  o#  experi=? 
jffjntal  data© 


Gn  the  basis  of  the  evidence  obtained  in  Phase  III,  only 
very  limited  generalization  of  results  from  one  visual  task 
to  other  visutl  tdsks  can  oa  made,  becausw  the  trend  of  per- 
formanc.e  on  different  visual  tasks  vras  not  the  same  at 
different  levels  of  vision© 


On  the  basis  of  the  evidence  obtained  in  Phase  IV,  results 
obtained  under  a given  set  of  conditions,  (i©e©  at  a given 
level  of  illumination  arid  at  a given  working  distance  from^ 
the  visual  task),  caiinot  be  generalized  to  other  conditions 
because  the  trend  of  performance  was  not  the  same  at  different 
levels  of  vision  for  different  conditions  of  illumination 
and  distance  from  the  visual  task©  Further,  these  rcoUaits 
point  out  the  desirability  of  maintaining  standardized 
conditions  on  a battlestation© 


7-3i-- 


Altho.agh-  not  within  the  realm  of  this  stxidy 


the  results  of 


the  program  off  research  conducted  appear  tio  have  implications 
for  squipme-nt  design*  The  re  stilt  s o:f  Phase  III  'e?l.,aTly 

A Q_rto  f.a=st  e.-r  aha 

inaicaxe  x.na'o  ee-rtitixri  ojrjpoo  wx  r.  ~ 

more  accurately  at  all  levels  of  visual  acuity  than  other 
types  of  dials o T-hese  results  warrant  the  conclusion  that 
operators,  with  poorer  visual  ^uity  could  perform  at  a 
given  level  of  proficiency  on  certain  dials  as  well  aso 
or  better  then«  operators  with  better  acuity  could  perform 
on  other  types' of  Mals*  Further,  the  efficiency  oi  operat- 
ors at  all  levels  of  acuity  would  be  increased  by  the  use 
of  certain  types  of  dials * 


5*  For  other  conclusions  see  "Supplement  to  Technical  Bulletin 
which  for  security  reasons  are  cla-ssif led.® 

Because  the  aethodolo.gy  for  establishing  visual  standards  dev«- 

eloped  and  evaluated  In  Phase  ITI  arid  Phase  11.  of  the  research  shows^ 

real  possibility  for  application^  the  following  procedure  is  recom- 


mended as  a guide  for  its  uses 


lo  The  critical  visual  tasks  for  each  battlestatioh  assignment 

be  Id  e ri t i f i e d o 

(a)  Furthe.r  work  needs  to  be  done  on  establishirig  a pro- 
cedure for  this  function*  However^  procedures  dev- 
eloped at  the  U-,  S*  Naval  Medical  Research  Laboratory ^ 
Uo  So  Naval  Submarine  Base,  New  London,  Cehn© , by 
Diminick  and  Farnsworth  (6)  are  recommended  fer  at  least 
preliminary  werko 

2*  Aceeptabie.  staridards  of  performance  for  the  identified 
visual  tasks  be  agreed  upono 


3o  The  level  of  illumination  under  which  the  task  is  per- 
formed be  agreed  upoiio 

4o  The  working  distance  from  the  dial  be  agreed  upon<> 

5o  The  relationship  between  different  visual  funct.ions  and  Job 
performance  be  established  by  the  following,  steps? 

(a)  Select  approximately  ten  naval  personnel  experienced 
on  the  visual  task  being  studiedo 

(b)  Have  each  man  perform  the  visual  task  at  least  ten 
times,  at  each  of  five  levels  of  visiono 

(l)  The  five  levels  o.f  vision  .should  be  obtained  using 

five  sets  of  clip-on  crossed-cyiinder  oblique  lenses 
varying  from  plaao  bo  four  diopters  between  the 
power  of  the  crossed-eylinderso 
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6,  Plot  pepformance  against  near  acuity  score  on  the  Armed. 
po/rc.s;3  Vision  Tester® 

7,  Draw  a free-hand  curve  sho:win.g  the  relationship  betwesn= 
vision  and  job  par f ormanc-S « 

8,  Locate  the  minimum  stand'ard  of  performanGe  agreed  upon  .in 
Step  B on  the  obtained  curve,  the  visual  score  be.io»r  that 
point  b.e.i-ng,  the  visual  standard  for  that,  ta’sko 

In  the  above  .procedure  steps  2,  3*  and  4 mdst  be  resolved  at 
the  policy  making  levelo  However , the  remaining,  steps  in  the  pro 
cedure  can  be  performed  by  technicians,,  who  are  trained  for  the 
tasko  It  appears  reasonable  to  assume  the  .amount  of  traibing  re'- 
q.ulred  for  the  technicians  would  not  be  prohibitive;  that  a short 
intensive  p.eriod  of  training  would,  suffice-'o 
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APPENDIX  A 


DISTRIBUTION  OF  VISUAL  SKILLS  OF  SUBJECTS  IN  PHASE  II 
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APPENDIX  B 


PRESCRIPTIONS  OF  SPECTACLES  FITTED  TO  EACH  SUBJECT 

IN  PHASE  III  & IV 


5 3 


APPENDIX  B 

presgriptiOns  prepared  for  subjects  in  experiment 


Sujb.iect  Ro« 
1 
2 


_ _0  « P ^ - 

,.2‘5  S;pthere 

- «25  ~ o75  t 9=5 


ID  a S.e 

Plano 

..  o25  - 1^25  X 90 


3 

^ b 2'5  = *'62  X 2 

1 

e 

X 160 

4 

/ .50  ^ 1*25  X 15 

/ .25 

- l.Oo  X 

165 

5 

^ 6 50  " .25  X 110 

f .is  ? 

- .37  X 

6 

i *50  - .75  X 3 - 2^B.ib 

f ip  2 5 

O'  ' 5l 

162 

7 

^ .25  • .25  X 65 

- .25 

X 103 

8 

^ .25  sphere 

^ ^50 

- .2  5 X 

13  5 

9 

-1.00  - .25  X 100 

- .75 

.75  X 

90 

10 

-1.25  ^ .50  X 91 

-1.Q0 

- .75  X 

60 

^4^  ^ 

^ C 0 iL  o 


0oD«  is  the  prescription  for  right  eye<. 
OoSo  is  the  prescription  for  left  eye© 
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PRESCRIPT IQ NS  FOR  CLIP- ON 


GROSSEp-CXLINDSR  LENSES 
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Prescriptions  of  crossed  cylinder 

Len.S  No  a ...  ,€)-ePe^^ : — ^ 

3.  Plano 

2 - o5^0  f 1®00  X 135 

3 -i«QO  ^ ^oOO  X 135 

.•  —-i  - cr\  .J:  i flfi,  sr  1'5’5 

./  ..  t - 

5 -iioUO  f 


lenses  and  astigtii^tic 
Plano 

_ o5e  r 1-00  X /«.5 

—1*00  •/  2»0G  X 45 

-l.c5.0  y 3^»‘0O  X 45 

._2 - QQ.  X_  4,*-OjQ-_^  4 5 


error  pr  o du ce  d o 
Astigmatism 
None 

1^00  Diopter 
2o00  Diopters 
3o00  Diopters 
4«0P  Diopters 
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BARTLETT  TESTS  AND  TRANSFORMATIONS  OF  THE  DATA,  PHASE  III  & IV 


APPENDIX  D 

Tpans-f onaatiotis  of  "the  Data 

Phase  nio  t-he  analysis  of  variance  is  a technique  for  testing 
the  hypothesis  that  several  samples  have  been  drawn  at  random^  from  a 
common  nprmai  population  (7)o  However,  if  the  variances  within  the 
various  samples  are  dissimilar,  conclusions  concerning  the  experimen- 
tal means  may  not  be  possibleo  Therefore,  a teat  of  the  hypothesis 
tha-t  t*Kg  random  8fiimnle-.s  from  popuiations  with  a,  common 

variance  Is  necessary  before  applying  analysis  of  varianceo 

Bartlatt  fl)  has  davalapaji  ^ method  for  testing  hOmogeniety  of 
variance  that  is  evaluatad  as  Chi-square o This  test,  as  described  by 
Edwards  (6,  p®  1.96),  was  applied  to  the  time  data®  A Chi-square 
value  of  7146.59  was  obtained.  As  Chi-square  is  not  tabled  to  499 
degrees  of  freedom,  (one  less  than  the  number  of  groups),  the  Chi*^ 
square  significant  at  the  1%  and  5^  level  of  confidence  was  determined 
using  the  method  outlined  by  Peters  and  ?ah  Voorhis  (20^  p®  419) o 
For  499  degrees  of  freedom  a Chi-square  value  of  574‘>95  is  significant 
at  the  1%  Idvel  of  Sonfidenice  and  4 Chi-square  value  Of  551o76  is 
significant  at  the  level®  Therefore,  as  the  obtained  Chi-square 
was  significant  beyond  the  15^  level,  the  hypothesis  these  variances 
were  a random  sample  from  populations  with  a common  variance  was 


Because  the  assumption  of  homogeniety  pf  variance  was  nOt  tenable, 
it  was  necessary  to  transform  the  data®  On  the  basis  of  estimations  of 
the  proper  transformation  obtained  by  the  method  outlined  by  Bartlett 
(2),  and  by  Kempthorne  (14,  P«  156),  a logarithmic  transformation  of 
the  data  was  performed®  The  Bartlett  test  was  then  applied  to  the 
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tra„afo™.d  data.  A,  Chi-square  yaiue  6f  3811.59  vaa  obtaihed.  As  the 
obtained  Chi-square  was  significant  beyond  the  » level  of  confide, noe 
the  hypothesis  the  variances  of  the  transformed  d,ata  wo^Pe,  a nando* 
sample  from  populations  with  a common  variance  was  rejoc-ted. 

Because  the  time  data,  transformed  by  the  logarithmic  t,f ansf 0-rm.a- 
tion,  did  not  me,et  the  aseumptlon  of  homogenlety  of  variance,  a log 
transformation  of  the  log  time  scores  was  performed.  Bartlett's,  test 
t/.o  this  data  transformed  by  the  log  log  functiono 

A Chi-sq^re  Of  mo.81  was  ^btained»  As  the  Ghi-.quarrws 

ficant  beyond  the  1%  level  the  hypothesis  the  varia^oes:  ^e^re  from 

populations  with  a common  variance  was  rejectedo 

However,  there  were  19  cells  in  the  factorial  design  which  had 

a variance  of  ,uero.  In  the  Bartlett  test  of  the  raw  time  scores  the 

logs  of  zero  cell  variances  were  arbitrarily  treatsd  as  10  .,  In. 

the  Bartlett  test  of  the  log  time  sc, eras,  they  were  treatsd  as  10”5 
and  in  the  log  log  time  score  at  10-5,  Because  the  values  assigued  _ 
to  the  log  of  these  cells  we-re  arbitrarily  determined,  it  Was  decided 
to  determine  the  effect  of  other  values  on  the  results  of  the  Bartlett 

test* 

Treating  the  log  of  the  cells  with  zero  variance  as  zero,  a Ohi- 

„f  loiq.ll  was  obtained  for  the  log  time  scores.  Although 

■ significant  beyond  the  1%  level  this  Chi-square  was  much  smaller  than 

the  Chi-square  previously  obtained.  On  the  log  log  time  scores  the 

log  of  the  sells  with  zero  variance  was  treatsd  as  10  and  a Ohi- 

equare  of  601.80  was  obtained.  This  value  Just  attains  significance 

at  the  1^  level  as  Chl-equare  with  499  degrees  of  freedom  must  attain 

coj  oe:  nicnif  cant  at  the  x%  level® 

a Chi-square  of  574*95  to  *^e  sxgna-i--^ 
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the  l0!g  log  time  scores 

^ wa.ci  T..n«.Ti  -tt'.u.ua.  x-!5>sU  ow-  u.i-®  ---'E)  - » 

rne  D4i^O-5iO'OM  UV2W  * 

treating  the  log  of  the  19  Pells  with  tero  vaflahce  a,  The 

obtained.  Oht-sguare  wae  222.10.  which  doea  not  attain  statistical 
significanoe.  thereforS,,  using  this  procedure,  the  data  offer  no 
evidence  against  .the  h.^pothesls  the.se  uarianoeS  .were  a random  sanple 
from  .po.p-ulations  with,  a common  yariance,.  When  the  cells  with  .sero 
variance  were  treated  as  sere,  the  results  were  the  same,  as  a Ohi- 
sguare  value  of  -157.59  was  obtained.  This  v.alue  wa.3  regarded  as  a 
random  fluctuation  from  sero,  as  a 0.hi-e<iaa.re  value  .«udt  .neceesarilF  " 

be  positives! 

On  the  basis  of  the  evidence  obtained  from  the  Bartlett  tes^, 
it  was  assumed  no  marked  heterogeniety  existed  in  the  data  when  trans- 
formed by  the  log  log  function.  Lindquist  (16)  states,  that  unless 
there  is  marked  heterogeniety  in  the  data,  there  is.  little  effsat  on 
the  F-dlstribution.  Therefore,  it  was  concluded  the  log  log  time 
scoree  oould  be  treated  by  analysis  of  variance,  taking  into  account 
the  fact  the  level  of  significance  obtained  might  be  very  slightly 

in:flLat'ied* 

Phase  17.  The  assumption  of  homogeniety  of  variance  of  the  time 
data  collected  in  the  experiment  conducted  in  Phase  17  was  also  tested 
by  the  Bartlett  teat.  When  applied  to  the  raw  time  seores  a Ohi- 
square  value  of  11-221.97  was  obtained.  A Ohi-square  of  this  magni- 
tude with  7-A9  degrees  of  freedom  was  significant  bayonq  tire  "rf  lavei 
of  conf-ldonee,  so  the  assumption  was  not  satisfied. 

An  estimate  of  the  proper  ti ansformatlon  to  aehieye  homogeniety 
of  variance  was  obtained  in  the  same  manner  as  in  Phase  III.  On  the 

basis  of  the  obtained  estimate,  -- 

was  performed,  A Ohi-square  Of  2298.0A  was  obtained  from  a Bartlett 
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of  the  log  time  scoree.  Ae  this  value  vae  signifioant  beyond  the 
X%  level,  the  assumption  Still  not  satisfied.  A log  transformation 

of  the  log  time  scoresj.,as  then  made.  A ehi-sq*are  of  1657.17  »ae 
Obtained  by  the  Ba.rtlett\est.  This  value  Was  Significant  beyond  the 

- -o.  ort  -t-HP!  Toe  loF  transformation  did  not  meet  the 
\%  level  of  confidence  so  the  tog  xog 

homogeniety  as sumption o 

0n  the  basis  of  a pictorial  representation  of  the  data  it  appeared 

a., might  the  homogeniety 

as  if  the  reciprocaxs  ox  - 

assamptlon..  - aowever.,  the  Chi-square  obtained  from  the  Bartlett  test 
of  the  reolFrocai  . transformation  was  356G-.74  which  did  not  meet  the 

assumptiono 

Because  the  minimum  performance  time  on  the  Job-sample  was  about 
two  hundredths  of  a minute  it  seemed  logical  that  the  homogeniety 
assumption  might  be  tenable  when  a constant  was  subtracted  from  the 
. time  score.  Therefere.  the  approximate  minimum  performance  time  was 
subtracted  from  each  time  score  and  Bartlett  tests  performed  on  log. 
log  log,,  and  reciprocal  transformations  of  these  soorea.  In  all  cases 
the  obtained  Chi-square  was  larger  than  that  obtained  on  the  log  log 
transformation  of  the  raw  time  scores,  so  the  assumption  of  homogenisty 

of  variance  was  not  satisfiedo  - 

As  the  variance  of  the  log  log  transformation  of  the  raw  time 

•, * venous-  it  was  decided  to  proceed  with  the 

scores  was  uu«  x.oe«..ju  

analysis  of  variance  using  the  log  log  time  scores.  Because  the 
variance  of  these  data  was  not  homogenous,  when  interpreting  the  results 
it  was  necessary  to  take  into  consideration  the  fact  that  the  level  of 
significance  of  each  of  the  effects  in  the  analysis  would  probably  be 
overestimated,  Bealizing  this  limitation  of  the  analysis  it  was  nec- 
essary to  interpret  the  results  with  extreme  care. 
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AVERAGE  BEST  EXE  NEA-R  AG-UlTf  SGORES-,  PHASE  III  & IV 
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appendix  e 

Acuity  S-Gp2?e-S-p.  Phase  III  & I¥ 


Average  Near  Acuity  Best  eye  Score  on  Armed  Forces  fislo^ 
all  Subjects  With  Each  Set  of  Clip-on  Crossed  Cylxnder  Lenses. 

Subject  No«  1 No*  2 . „ No®  2=. — . No®  ^ 


1 

2 

3 

4 

5 

6 

7 

8 
9 


No®  1 

No®  . 2 

. No.  3- 

J;G-. 

10®  6 

7.6 

4.1 

3«0 

10.9 

8.2 

4®  0 

3.4 

10®7 

9.0 

5.7 

4.2 

11^3 

9.0 

6 ®<4 

4.3 

11.1 

9.0 

5.5 

4.-0 

11.0 

7.6 

5.0 

3.7 

lli'0  - 

---1*7 

6.7 

4.G 

11.4 

10.2 

7.3 

5.8 

10-c8 

9.1 

6.3 

5.8 

11.1 

9.5 

6.4 

5.-3 

c%  . 

iC  O VZ‘. 


2.3 
3.7 

3.6 

3.3 

2.3 

3.7 
4®  6 
4®4 
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APPENDIX  F 


CURVE  FITTING  & CURVES,  PHASE  III  & IV 


APPEND:!!  F 
C^rve  Fitting 

Phase  111.  The  functional  relationship  between  two  TSfiablee 
may  be  expressed  either  graphically  by  a curv-P,  or  alg*b,raic.ally  by 
an  equation  where  a change  in  one  variable  is  accompanied  by  specific 
chiangee  in  the  other.  In  this  research  both  methods  of  expressing 
the  relationship  between  near  visual  aoulty  and  performance  on  the 
Jo;b— sample  test  were  used,® 

. _ me_t;hod  Qf  averaging  (6;,  graphical  chives  1®” 

presenting  the  relationship  between  near  visual  acuity  and  performance 

on  both  the  time  and  accuracy  .Criteria  were  developed.  In  addition 

. _ - , - m i 1— s — 1- —i'*.*.-. .+-V>ss  ■h-Lsra  v-A-wiaViieiS  of  near  acuity 

the  functiona±  relatiou»iixp  uct/««v,aa  

and  performance  was  determined  algebraically  for  all  dials  on  the 
time  criterion® 

The  first  step  in  the  time  analysis  was  the  computation  of  the 
. best  eve  near  acuity  on  the  AF?T.  for  all  measure- 

ments  on  each  subject  While  wearing  each  set  of  the  different  clip-on 
lenses,  and  the  mean  performance  time  of  the  ten  trials  in  eS-h  oell. 

A set  of  graphs  for  each  dial  was  then  plotted  with  performance  time 

on  the  ordinate  and  near  visual  acuity  scores  On  the  absoissa.  Each 

♦ . j « .Aww  aac^  i 6 on  bhoit  disl®  Es.ch  xndivi 

set  consisted  of  a gretiJi*  xwa  eac.* 

1 ,x»,j /'..v¥i'^.a.»i-_.r»«jTs.Cf>.ninanue_-_t,iin.e_.o.l.Qt.it:&.d — 

dual  grapn  contaiaeu,  xxyc  ijwj.xav>«,  v-t?-— X — ’ - --  -----  - - 

St  mean  vision  score),  which  were  connected  by  straight  lines  on  dials 
with  flat  curves  and  free-hand  curves  on  dials  with  marked  differtfuces 
in  performance®  No  line  extended  beyond  the  actual  range  of  vision 
scores  for  that  subject® 

A composite  graph  was  then  constructed  for  bach  dial  based  on  the 


Q c 
/ y 


ten  Individ, u.el  performance  graphs  in  the  set.  Time  performance  valnee 

• - -1.  A f\  A’  w.'l.  o.vl,.rv.Tt:  tSTi  l/P-^  O-e 

for  each  acuity  score  xn  x-ne  range  oi  vi^ _. 

were  platted  on  the  composite  graph.  This  re-snlved  in  a fewer  number 
of  points  on  scores  near  the  extremes  of  the  range,  of  vision  as  the 
range  of  vision  differed  for  the  different  eubjeots.  Free-hand  curves, 
fitted,  by  eye.  were  drawn  to  the  f7  pointe.  on,  the-  compo3lt,e  graphs. 

The  fact  that  there,  were  fewer  points  at  the  extremes  of  the  rang,e  of 
acuity  scores  was  taken  into  account  in  drawing  the  curves.  In  every 
instance  the  free-hand  curves  drawn  to  the  composite  plots  were 
ourvilinear.  Prom  inspection  of  the  curves  it  appeared  logical  that 
some  mathematical  function,,  describing  a curvilinear  relationship 

would  fit  the  observed  data  for  all  dials.  Because  of  the  apparent 

- Tax n £*■  felt  that  the  mathema^ 

curvilinearity  of  tne  aaxa  xpr  xiial  7,  was  lexx,  wiao  . 

tlcal  function  that  would  adequately  describe  the  relationship  be- 
tween visual  acuity  and  performance  on  that  dial  would  adequately 
describe,  the  relationship  between  near  acuity  and  performance  on  most 

of  the  other  dialso 

Three  logarithmic  curves^  a parabola,  a straight  line,  and  an 
inverse  function,  were  fitted  to  the  composite  data  for  Dial  7o  The 
log  functions  were  plotted  on  log,  semi-log,  and  log  log  graph  papers 
The  rest  were  fitted  by  the  least  squares  method*,  Inspection  of  the 

-__.-4hnee_-lAgarithmic  plot^show^  a,  logarithmic^  fun cttei  rould  not 

ly  fit  the  data*  The  straight  line  arid  the  parabola  also  provxded  a 
poor  fit  to  the  data*  The''i^erse  function  provided  the  best  fit  using 
least  squares  as  a criterion*  In  addition  comparison  of  the  free-hand 
and  inverse  curves  for  Dial  7 revealed  they  were  of  essentially  the 
same  shape  and  magnitude*  On  the  basis  of  the  least  squares  fit  and 
4.V.*.  f.ft«marison  with  the  free-hand  curve  it  was  concluded  the  inverse 

— — X"  - 


curTB  proyldia  an  adequate  fit  to  the  data.  The  general  formula  for 
the  inverse  function  uSed  vaS  y - ax»  B «here  a-?  was  the  reoiprooal 
of  X,  and  a and  b were  straight  line  oonstantss  The  oonetants,,  a and 


bj  were  solved 

by  the  fbrmulas.| 

^ “ n,i-  xj 

^ . - ~ straight;  line 

n^  X' 

and 

^ - 4 

V - 2_X  Z.XV  . . “ y 

n_.^_  . 

X'^  - x)  ^ 

Because  the  Inverse  funotion  appeared  to  adequately  deseribe  the 
j r»t5an  r7„  ?»nvwve.s  w,ei?e  developed  for  all  dials  using  the  inverse 
function  fitted-  to  the  77  points  on  the  composite  graphs^  Comparison 
yr±th  free-hand  curves  dra^n  to  plots  of  the  compdsite  data  revealed 
the  two  curves  for  each  dial  were  practically  identicai  in  all  caseso 
It  was  felt  that  curves,  fitted  to  the  50  points  of  the  raw 
averages  available  for  each  dial  would  reduce  the  chance  for  error 
present  in  the  plots  of  77  points.  Therefore,  inverse  curves  were 
fitted  to  the  points  of  the  50  raw  averages  for  each  dialo  The  dif- 
ferences in  the  curves  fitted  to  the  two  sets  of  data  can  be  evaluated 
by  the  difference  in  the  size  of  the  straight  line  constants,  a and  b, 
for  the  two  of  data«  The  constants  are  given  in  Table  l4o ^ 
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Straight  Line 
Dial  Nnaber 

Constants  for  Curve:s  Fitted  to  Two  Sets  b€  Data 

Composite  Data,  N-77  Cbmposite  Data  N-i© 

..  a , , , h a- ^ — 

1 

1.«46 

2,60 

io45 

2 0 64 

2 

3o84 

2o22 

3 0-82 

2 0.29 

3 

1?37 

2o54 

2o28 

2o42 

4 

lio23 

lo74 

iOo95 

lo97 

5 

7.42 

2.23 

6.07 

2o46 

6 

25  6 77 

0.72 

33^^  3 

^0o25 

7 

,20  <,81  ■ 

2o25 

2 9 6 08 

1o29 

8 

9 oil 

2 .,3  9 

IO065 

2.0.41 

9 

4ol8 

2o41 

4.69 

2o37 

10 

8o92 

2.99 

8o32 

3oi3 

- 

The  actual  formula  used  for  the  curves  was,  t =3 

/ bj  where  t 

is 

pe  r f b rmanc  e 

time,,  V is  vision 

score,,  and  a 

and  b are  the  straight 

c bn  s t ant-.a* 

The  formulas  for  the  curves  fitted  t®  the 

50  raw  average 

for  each  dial,  showing  the  valne  of  the  straight  line  constants 


are  given  in  Table  15® 


^ TABI/E  15 

Formulas  For  Tima  Curves  Fitted  To 
^0  Raw.  Averages  For  Each  Dial 


Diaa  1 
Di-Al  2 
Dial  3 
Dial  4 
Dial  5 
Dial  6 
Dial  7 
Dial  8 
Dial  9 


t - l«4-5.  f 

V 

t = 3-0^2  / 

V 

t ^ 2 'c  2-  8 4- 

V 

t -10«  9-i-  / 

y 

t “ i>o07.  ^ 

' 

t =21^ 

:v:  ■" 

t =29^08  / 

V 

t =10o65  / 

V 

t ^ 4e69  / 

V 

t.  » i8.e.3-2:^ 


2*64 

2^29 

2,42 

lp97 

2p46 

0.24 

1«29 

2o41 

2^37 

3ol3 


The  manner  in  which  the  Curves  fit  the  data  is  illustrated  in 
Figure  19-  Further  illustration  is  provided  by  the  straight  line 
fit  shown  in  Figure  20 o 

Comparison  of  the  mathematical  and  free-hand  curves  fitted  to 
the  plots  of  raw  averages  showed  them  to  be  practically  identical 
aH  dials*  However*  in  the  case,  of  Dials  1*  2*  3*  and  5*  it 


appeared  as  if 


TIME  IN  HUNDRiDTHSi  ©E  MIWUTES 


So  -( 


- .R,E,ClFRvpCAL-.©F  

FIG.  20.  fLLUSTRATIGN  OF  THE  FIT  OF  A STRAIGHT 

Line  to  the  so  averaged  points  for  dial  7 with 
DAT4  TRANSFGRli^D  BY  THE  INVERSE  FUNCTION 

t . % A 

VY'=:^). 


iO-t 


a,  s-t-raight  line  might  provide  a better  fit®  Thered ore , a least 
sq.uares  straight  line  was  fitted  to  the.  data  for  these  four  dials 
*he  sum  of  ths  Least  squares  for  the  two  functions;  are  giyen  in 


fable  l6  0 

TABLE  1,6 

Sum  of  Least 

Squares  of  Inverse  and  Straight 

Line  .For  Four  P.i.al.s 

Dial  No® 

Sum  of  Least  Squares, 
Best  inverse  Line 

Sum  of  Least  Square Sj 
Best  Straight-Line 

1 

9.99 

9o03 

2 

17.16 

14.03 

3 

7.o9.6  • 

5- 

42®  04 

53..  55 

Using  least  squares  as  a criterion  the  best  invers©  curve 
P~evLded  a better  fit  to  the  data  on  dials  3 and  5 than  the  best 
straight  line.  On  dials  1 and  2 the  straight  line  provided  the 
better  fit  to  the.  data..  However,  the  difference  between  the  sum  of 
the  least  squares  for  the  two  functions  is  relatively  small  for 
dials  1 and  2®  Therefore,  it  was  concluded  that  it  was  justifiable 
to  use  the  inverse  curve  to  represent  the  relationship  between  vision 
and  performance  for  all  the  dials  in  the  job^-sample-  test® 

The  inverse  curve  fitted  to  the  data  is  asymtotic  to  two  lines, 
the  Y and  X intercepts®  Inspection  of  the  curves  raised  doubt  whet- 
hgr  the  curves  were  asymtotic  to  the  time  all  cases®  The 

inverse , curve  for  dial  6 appeared  to  depart  the  farthest  from  the  Y 
asymtote,  so  it  was  decided  to  shift  the  time  axis  to  a point  other 
than  a vision  score  of  zero  and  determine  the  effect  on  the  curve^ 
Therefore,  the  time  axis  was  shifted  from  the  point  of  zero  score  on 
near  acuity  to  near  acuity  scores  of  1 and  1®$,  and  least  squares 
inverse  curves  developed®  The  sum  of  the  least  squares  for  the  three 


curv&s  is  shown  in  Table  1? 


TABLE  17 

Sum  of  Lsasifc  Squares  For  Inirerae  Curves  Fitted  to  Ths  Data  For  Dial 
Six  With  time  Axis  Located  At  Three  Different  Points 


Sum  of  Least  Squares 
Best  Inverse  Curve 


279*39 
232*33 
23 5 o 29 


Condition  of  Axi s 


No  shift 
Shift  1 unit 
Shift  1,5  units. 


The  formulas  for  the  three  curves  for  dial  6 are  presented 


in  Table  IS* 


TABLE  18 

Formulas  for  Three  Curves  for  Dial  6 


Condition,  of  Axis. 
No  shift 


Formula 


- 0 *2  A. 


Shift  1 unit 


Shift  1«5  unit 


t = 18*38  / 1*42 
v-1 

t = 10*03  ^ 2*82 

y-i;5 


The  three  curves  based  on  these  formulas  are  shown  in  Figure  21* 
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Shift  1 unit,  equation:  t 


„ ^ - 10»  03’  « 5 0 9 

Shift  1.  5 units,  equatxpn;  t * ~r  * 

V“  l'*  5 
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F£G,  21 . COMPARISON  OF  RELATIONSHIP  BETWEEN 
BEST  EYE  NEAR  VISUAL  ACUITY  SCORE  ON  ARMED 
FORCES  VISION  TESTER  AND  PERFORMANCE  TIME 
ON  DIAL  6 WITH  TIME  AXIS  LOCATED  AT  VISION 
SCORES  OF  p,  1 AND  1.  5. 


1.0). 


te  the  basis  of  tho  least  squares  criterion  the  best  fit  is 
provided  to  the  data  for  this  dial  then  the  tine  axis  is  shifted  to 
the  neat  aouity  seote:  of  one.  Hovev.r,  inspeotion  of  the  curves  shot, 
ed  that  shifting:  the,  T-asymtote  did  not  essentially  affect  the 
magnitude  or  the  shape  of  the  curve..  Ihersfore,,  although  the  pbo- 
blem  of  the  true  aero  point  on  the  vision  score  ax«  is  of  great 
theoretical  interest,  in  this  instance  it  has  little  or  no  practical 
significance.  As  the  curve  for  dial  6 departed  the  farthest  from  the 
Y-aeyntote,  and  as  the  shift  in  the  tine  ^^^hlted  very  little 

change  in  the  shape  of  the  curve,  the  Inverse  curves  fitted  to  the 
data  for  the  other  dials  should  be  asyntotic,  or  nearly  so,  to  the 
time  axis  Ibcated  at  the  near  aouity  score  of  aero. 

The  tine  performance  curves  developed  for  the  different  dials 
using  the  inverse  function  are  presented  In  Figures  22  through  31- 


TIME  (t)  IN  HUNDREDTHS  OF  MINUTES 


iQf 


VISION  SCORE  Cv) 

fig.  22  . RELATIONSHIP  BETWEEN  BEST  EYE  NEAR 
VISUAL  ACUITY  SCORE  ON  ARMED  FORCES  VISION 
TESTER  AND  PERFORMANCE  TIME  0N  DIAL  I, 


time  (t)  IN  HUNDREDTHS  #i|r  MINUTES 
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FIG.  23  . RELATIONSHIP  BETWEEN  BEST  EYE  NEAR 
VISUAL  ACUITY  SCORE  ON  ARMED  FORCES  VISION 
TESTER  AND  PERFORMANCE  TIME  ON  DIAL  2. 
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FIG*  2U . RELATIONSHIP  BETWEEN  BEST  EYE  NEAR 
VISUAL  ACUITY  SCORE  ON  ARMED  FORCES  VISION 
TESTER  AND  PERFORMANCE  TIME  ON  DIAL  3. 
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FIG.  25  , relationship  BETWEEN  BEST  EYE  NEA®* 
VISUAL  ACUITY  SCORE  ON  ARMED  FORCES  VISION 
TESTER  and  PERFORMANCE  TIME  ON  DIAL  4. 


TIME  (t)  IN  HUNIJREDtlltSi  W MIN0TES 


FIG,  26 , relationship  BETWEEN  BEST  EYE  NEAR 
VISUAL  AGUITY  SCORE  ON  ARMED  FORCES  VISION 
TESTER  AND  PERFORMANCE  TIME  ON  DIAL  5. 
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FIG,  27  . RELATIONSHIP  BETWEEN  BEST  EYE  MBAR 

yisilAL  acuity  score  on  armed  forces  VISION 

TESTER  AND  PERFORMANCE  TIME  ON  DIAL  6, 
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FIG.  2B.  RELATIONSHIP  BETWEEN  BEST  EYE  NEAR 
VISUAL  acuity  SCORE  ON  ARMED  FORCES  VISION 
TESTER  AND  PERFORMANCE  TIME  ON  DIAL  7* 
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FIG.  29 . SSLA.TIONSHIP  BETWEEN  BEST  EYE  NEAR 
VISUAL  ACUITY  SCORE  ON  ARMED  FORCES  VISION 
TESTER  AND  PERFORMANCE  TIME  ON  DIAL  8. 
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FIG,  30.  RELATIONSHIP  BETWEEN  BEST  EYE  NEAR 
VISUAL  ACUITY  SCORE  ON  ARMED  FORCES  VISION 
TESTER  AND  PERFORMANCE  TIME  ON  DIAL  9, 
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FIG,  31  , RELATIONSHIP  BETWEEN  BEST  EYF  NEAR 
VISUAL  ACUITY  SCORE  ON  ARMED  FORCES  VISION 
tester  and  PERFORMANCE  TIME  ON  DIAL  10. 
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curves  represeuting^the  relationship  between  near  visual  acuity 
eeore.  as  determined  by  the  Armed  Forces  «sien  iestdr,  a«d  peff«ma„de 
en  the  accuracy  criterion  were  developed  i-u  essentially  the  same 
manner  as  the  time  curves.  However,  mathematical  curves  Were  not 
fittei  to  the  accuracy  data.  As  the  purpose  of  the  curves  was  to 
determine  If  the  trend  of  the  curves  was  the  same  for  both,  feriterta* 
little  or  no  additional  information  would  be  derived  from  fitting 
mathematical  curves  to  the  data,  therefore,  free-hand  curves  were 
fitted  to  the  domposite__data  for  dial,  the^  ^sultin^erf^ 

curves  based  on  the  accuracy  criterion  are.  presented  in  Figures  32 

through  41 • 
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FIG.  32  . RELATIONSHIP  BETWEEN  BEST  EYE  NEAR 
VISUAL  ACUITY  SCORE  ON  ARMED  FORCES  VISION 
TESTER  AND  PERCENTAGE  OF  CORRECT  READINGS 
ON  DIAL  1. 


AFVT 


9 n£U  Jt4& 


I E 3 4 5 6 7 8 9 10  11  12 

20  =20  20  20  20  20  20  20  20  20,  20 

400 ~ 200 ~TaO  ~T0  ~ $0  40  30  25"  ^ZO “ "iT  15  VZ~ 


VISION  SCORE 


FIG.  33  . RELATIONSHIP  BETWEEN  BEST  EYE  NEAR 
VISUAL  ACUITY  SCORE  ON  ARs^S  FORCES  VISION 
TESTER  AND  PERCENTAGE  OF  CORRECT  READINGS 
ON  DIAL  2. 
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FIG.  36  . relationship  BETWEEN  BEST  EtE  NEAR 
VISUAL  ACUITY  SCORE  OK  ARS^D  FORCES  VISION 
TESTER  AND  PERCENTAGE  OF  CORRECT  READINGS 
ON  DIAL  5. 
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FIG.  37  . RELATIQNSKIP  BETWEEN  BEST  EYE  NEAR 
visual  acuity  score  on  AR'SttEB  FORCES  VISION 
TESTER  AND  PERCENTAGE  OF  CORRECT  RTADINGS 
ON  DIAL  6. 
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FIG.  3 8 a RELATlQIiSHIP  BETWEEN  BEST  E YE  m-AR 
VISUAL  ACUITY  SCO^  ON  AR^D  FORCES  VISION 
TESTER  AND  iPERCENTAGE  OF  CORRECT  READINGS 
ON  DIAL  7. 
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FIG^UO  . RELATIONSHIP  BETWEEN  BEST  EYE  NEAR 
VISUAL  ACUITY  SCORE  ON  ARl^D  FORCES  VISION 
•JESTER  AND  PERCENTAGE  OF  CORRECT  READINGS 
ON-DIAL-  9. 
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FIG.  41 . RELATIONSHIP  BETWEEN  BEST  EYE  NEAR 
VISUAL  ACUITY  SCORE  ON  ARI^D  FORCES  VISION 
TESTER  AND  percent  AGE  OF  CORRECT  FEADINGS 
ON  dial  Ip. 
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Phase  IV..  Cur\;-es  were  fitted  to  the  data  collected  in  Phase  IV 
in  the  same  manner  as  those  fitted  to  the  datja  -coliected.  in  Pha.se  Xlie 
As  the  same  subje.cts,  and  the  same  Y.i.s.ual  conditions  were  used  in  both 
exgerime.nt  s-^  the  range  of  vision  was  the  same  in  both  case  a.  However, 
instead  of  a cuTVe  fitted  to  the  data  for  different  dials  as  was  the 
case  in  Phase  III,  in  Phase  IV  curves  were  fitted  to  the  50  raw 
averages  available  for  each  c-pmbinatioh  of  the  5 levels  of  illumination' 
and  3 distanc.eso  Figures  42  through  56  show  the  curve'  fitted  to  the 
time  data  for  each  cpnditiono  All  are  mathematidal  curves,  fitted  by 
the  least  square  i h ve-r sia ~ w~-i-t-h  —thee  - :e xc, e p t ion  of  the  curve  fitted 
to  the  data  for  illumination  level  5»  distance  3o  The  inverse  and 
free-hand  curves  fitted  to  the  data  for  this  condition  were  quite 
different.  .Insp.ectipn  pf  the  plotted  data  showed  what  appeared  to 
be  pract.-^.cally  a straight  - line  relationship.  Therefore,,  it  was 
concix’.ded  a mathematical  function  other  than  the  inverse  function 
wa/j^  .n.ee.ded.  to  show  the  relatiohship  between  vision  and  performance 
ander  those  conditions..  however,  as  it  had  been  previously  eiSt.abli.shed 
that  free-hand  and  mathematical  curves  fitted  to  the  same  data  are 
practically  identical,  it  was  decided  little  would  he  gained  by  solv^^ 
ing  for  the  proper  mathematical  curve  to  fit  the  data*  In  Figure  56, 
both  the  free-hand  and  inverse  curve  are  shown.  Interpretation  of  this 
-3.e4._pf  data  should  be  made  from  the  free-hand  curve. 

The  accuracy  curves  for  eaPh~combina44rOn^  .of ..illu^  and  dis- 

tance are  shown  in  Figures  57  through  71® 
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FIG,  42,  I^LAtlONSHIP  BETWEEN  TIME  PERFORMANCE 
AND  BEST  EYE  NEAR  VISUAL  ACUITY  SCORE  ON  ARMED 
FORCES  VISION  TESTER  At  ILLUMINATION  LSFEL  1, 
DISTANCE  1, 
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FIG.  43-  RELATIONSHIP  BETWEEN  PERFORMANCE 

AND  BEST  EYE  NEAR  VISUAL  ACUITY  SCORE  ON  ARMED 
FORCES  VISION  TESTER  AT  ILLUMINATION  LEVEL  i, 
DISTANCE  2. 
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FIG, ^4*  RELATIONSHIP  BETWEEN  TIME  PERFORMANCE 
AND  BEST  EYE  NEAR  VISUAL  ACUITY  SCORE  ON  ARlwfED 
FORCES  VISION  TESTER  AT  ILLUMINATION  LEVEL  I, 
DISTANCE  3. 
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FIG, 45.  RELATIONSHIP  BETWEEN  TIME  PERFORMANCE 
AND  BEST  EYE  NEAR  VISUAL  ACUITY  SCORE  ON  ARl^O 
FORCES  VfillON  TESTER  AT  ILLUMINATION  LEVEL  2, 
DISTANCE  1. 


AFVT 


SNELLS  N 


20  20  20  20  20  20  20  20  20  20  20  20 

SNELLEN  -ioor  20?  100  70  50  40  30  25  20_  17  ^15_12^^^ 

VISION  SGSaS  Cy) 

FIGi48‘.  RELATIONSHIP  BETWEEN  TIME  JERFORMANCE 
AND  BEST  EYE  NEAR  VISUAL  ACUITY  SCORE  ON  ARMED 
FORCES  VISION  TESTER  AT  ILLUMINATION  LEVEL  I, 
DISTANCE  h 
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FlGi  VQ,  RELATIONSHIP  BETWEEN  TI^  PERFORMANCE 

and  best  eye  near  visual  acuity  score  on  AEmp 

FORCES  VISION  TESTER  AT  ILLUMINATION  LEVEL  3. 
DISTANCE  2, 
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FIG,  52.  RE LA/TIGI^SHIP  BETl 

ai?d  best  eyE  kFae  visual 
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FIG,  53.  SUELATIONSHrp-  BETWEEN  TIMS  PERFORMi 
AND  BEST  EYE  NEAR  VISUAL  ACUITY  SCORE  ON  AR 
FORCES  VISION  TESTER  AT  ILliUMINATION  LEVS*  4 
DISTANCE  3. 
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FiC.  55.  RELATIONSHIP  BETWEEN  TI&SS  FERFQRMANCI 
AND  BEST  EYE- NEAR  VXS\»A:L  AGUITY  SCORE  ON  ARMED 
FORCES  VISION  TESTER  AT  ILLUMINATION  LIM:L  5, 
DISTANCE- 2. 
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FIGc59  . RELATIONSHIP  BETWEEN  PERCENTAGE  OF 
COR^CT  READINC®  AND  BEST  EYE  NEAR  VISUAL 
ACUITY  SCORE  ON  ARMED  FORCES  VISION  TESTER 
AT  illumination  LEVEL  I,  DISTANCE  3. 
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FIG,60.  RELATiONSHIP  BETWEEN  PERCENTAGE  OF 
CORRECT  REApiNGS  AND  BEST  EYE  NEAR  VISUAL 
ACUITY  SCORE  ON  ARMED  FORCES  VISION  TESTER 
AT  ILLUMINATION  LEVEL  X DISTANCE  1. 
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FIG.  61.  RELATIONSHIP  BETWEEN  PERCENTAGE  OF 
CORRECT  READINGS  AND  BEST  EYE  NEAR  VISUAL 
ACUITY  SCORE  ON  ARMED  FORCES  VISION  TESTER 
AT  ILLUMINATION  LEVEL  2.  DISTANCE  2. 
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#IG.62,  RELATIONSHIP  BETWEEN  PERCENTAGE  OF 
CORRECT  READINGS  AND  BEST  EYE  NEAR  VISUAL 
ACUITY  SCORE  ON  AR^D  FORCES  VISION  TESTER 
AT  ILLUMINATION  LEVEL  2,  DISTANCE  3, 
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FIG.63.  RELATIONSHIP  BETWEEN  PERCENTAGE  OF 
CORRECT  READINGS  AND  BEST  EYE  NEAR  VISUAL 
ACUITY  SCORE  ON  ARMED  FORCES  VISION  TESTER 
AT  ILLUMINATION  LEVEL  3,  DISTANCE  L 
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FIG*64.  RELATIONSHIP  BETWEEN  PERCENTAGE  OF 
CORRECT  READINGS  AND  BEST  EYE  NEAR  VISUAL 
ACUITY  SCORE  ON  ARMED  FORCES  VISION  TESTER 
at  ILLUMINATION  LEVEL  3,  DISTANCE  2, 
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FIG.6  5*  RELATIONSHIP  BETWEEN  PERCENTAGE  OF 
CORRECT  READINGS  AND  BEST  EYE  NEAR  VISUAL 
ACUITY  SCORE  ON  ARMED  FORCES  VISION  TESTER 
at  illumination  le  vel  3»  DISTANCE  3, 
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FIG.  6 6 . RE  1- ATIONSHIP  BE  TWEEN  PE  RCE  NT  AGE  OF 
CORRECT  READINGS  AND  BEST  EYE  NEAR  VISUAL 
ACUITY  SCORE  ON  ARMED  FORCES  VISIOI  TESTER 
AT  ILLUMINATION  LEVEL  4,  DISTANCE  1. 
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FIG.  6 7.  RE  LATIONSHIP  BE  TWEEN  PE  RCE  mAt%  QF 
CORRECT  READINGS  AND  BEST  EYE  NEAR  V^UAL 
ACUITY  SCORE  ON  ARMED  FORCES  VlSICN  TESTER 
AT  ILLUMINATION  LEVEL  A.  DISTANCE  2, 
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FIG,  66.  RE  L.ATIONSHIP  BE  TWEE  N PE  RCE  NT  AGE  OF 
CORRECT  READINGS  AND  BEST  EYE  NEAR  VISUAL 
ACUITY  SCORE  ON  ARMED  FORCES  VISI^  TESTER 
AT  ILLUMINATION  LE^HEL  4,  DISTANCE  3. 
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FIG.  6 9 , RE  I^TIGKSMIP  BE  tWEE  N PE  RCE  NT  AGE  OF 
CORRECT  HE^INGS  AND  BEST  EYE  NEAR  VISUAL 
ACUITY  SC6^  ON  ARMED  FORCES  VISICN  TESTER 
At  ILLUMINATION  LEVEL  5.  DISTANCE  1, 
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FIG.  70,  RELATIONSHIP  BETWEEN  PERCENTAGE  OF 
CORRECT  READING-S  AND  BEST  EYE  NEAR  VISUAL 
ACUITY  SCORE  ON  ARMED  FORCES  ViSION  TESTER 
AT  ILLUMINATION  IJiVEL  5>  DISTANGE  2. 
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FIG.  7L  RELATIONSHIP  ESTWEfe/vVPETlCENTAGE  OF 
CORRECT  READINGS  AND  BEST  Ktt  NEAR  VISUAL  j 

ACUITY  SCORE  ON  ARMED  FORCES  VISION  TESTER 
AT  ILLUMINATION  LEVEL  5,  DISTANCE  3.  j 
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